DEPARTMENT OF THE INTERIOR
L.S. GEOLOGICAL SURVEY

TO ACCOMPANY MAP I-1807

GEOLOGIC MAP OF THE KETCHIKAN AND PRINCE RUPERT QUADRANGLES,
SOUTHEASTERN ALASKA

By Henry C. Berg, Raymond L. Elliott, and Richard D. Koch

INTRODUCTION

This pamphlet and accompanying map sheet describe the
geology of the Ketchikan and Prince Rupert quadrangles In
southeastern Alaska (fig. 1). The report is chiefly the result of
a reconnaissance investigation of the geology and minersl re-
sources of the quadrangles by the U.S. Geological Survey dur-
ing 1975-1977 (Berg, 1982; Berg and others, 1978 a. b), but
it also incorporates the results of earlier work and of more re-
cent reconnaissance and topical geologic studies in the area
{fig. 2). We gratetully acknowledge the dedicaled pioneering
photointerpretive studies by the late William H. (Hank) Con-
don, who compiled the first 1:250,000-scale reconnaissance
geologic map (unpublished) of the Ketchikan quadrangle In
the 1950’s and who introduced the seniar author to the study
area in 1956.

Classification and nomenclature ia this report mainly fol-
tow those of Turmer (1981) for metamorphic rocks, Turner
and Verhoogen {1960) for plutonic rocks, and Willlams and
others {1982) for sedimentary rocks and extrusive igneous
rocks.

Throughout this report we assign metamorphic dges 1o
various rock units and emplacement ages to plutons largely on
the basis of potassium-argon (K-Ar) and lead-uranium (Pb-U)
(zircon} isotopic studies of rocks in the Ketchikan and Prince
Rupert quadrangles (table 1) and in adjacent areas. Most of
the isotopic studies were conducted in conjunction with recon-
naissance geologic and mineral resource investigations and re-
sulted in the valuable preliminary data that we cite throughous
our repont. We recognize. however. that our age assignmenis
may be modified in the future as the result of additional
isotopic research.

SUMMARY OF GEOLOGY

This report describes the rocks in the Ketchikan angd
Prince Rupent quadrangles between the United States-Canada
border and lorg 132°00° W. The rocks include diverse
lithologies that range in age from Ordovician ar Silurian to
Quaternary. Our investigations show that the rocks are most
conveniently described by dividing the quadrangles into three
geographic areas (fig. 2), each of which has a distinctive as-
semblage of rocks that have characteristic lithologies. strue-
ture, and metamorphic history.

On the map sheet we present an interpretive geologic sec-
tion A-A’, adapted from Berg and others 1978¢). Our inter-
pretation is that maay of the structural features observed east
of Bostwick [nlet (Gravina Island) are manifestations of south-
west-vergent nappes and large-scale thrust faults that are Inter-
sected by high-angle, mainly strike-slip {aults. We also suggest
that the thrusts served as channelways for more or less ¢con-
temporaneous (syntectonic) emplacemant of some of the Cre-
taceous intrusive rocks, whereas other Cretaceous or Tertlary
intrusions postdate the thrusts.
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FIGURE l—Locadon of Ketchikan and Prince Rupert
quadrangles, and area of this investigation {stippfed)

PRINCE OF WALES-GRAVINA-ANNETTE-MARY-DUKE
ISLANDS AREA

This area includes Prince of Wales Island east of long
132°00’ W. and the islands bounded by Clarence Strait, Dixan
Entrance. Tongass Narrows, and Revillagigedo Channel and
makes up about a sixth of the land in the study area. The area
contains the most diverse rock types and the most complete
sequence of stratlfied rocks in the Ketchikan and Prince
Rupert quadrangles: it also includes the least metamorphosed
and least deformed pre-Tertiary rocks in the map area. The
bedded rocks range in age from Ordavician or Silurian to Late
Jurassic or Cretaceous: the mapped intrusive rocks range in
age from Ordovician or Silurian to Oligocene or Miocene. Dis-
tinctlve units Include (a) a Silurian batholith of leucocratic
trondhjemite {St) on Annette Island, (b) an Upper Trtassic se-
quence of rhyolite, basalt, and sedimentary rocks (Rsv), and
(e) a Cretaceous 20ned ultramafic intrusive complex on Duke
fsland that contalns spectacular zones of rhythmically layered



dunite and peridotite (Kum) {Irvine, 1974}, Mineral occur-
rences (Berg and others, 1978a; 198), p. 59~70. 97) (nclude
(a) barite- and base- and precious-metal bearing volcanogenic
sulfide deposits in the Upper Triassic rocks, {b) eplthermal
veins carrying gold, silver, and other metals in various host-
rocks, {¢) magmatic titaniferous magnetite deposits in the
2oned ultramafic rocks, (d) a base- and preclous-metal-bearing
skarn deposit in marble and calcsilicate rocks intruded by
quartz dlorite at McLean Arm on Prin¢e of Wales lsland (Mac-
Kevett, 1963, p. 99-100). and (e) sparse radioactive minerals
in pegmatite dikes near Gardner Bay on Prince of Wales Island
(MacKevett, 1963, p. 93-94).

The area is characterized by markedly contrasling
metamorphic and structural styles. These contrasting styles are
illustrated on Gravina Island (map sheet. section A-A": fig. 3).
where they are separated by a high-angle north-northwest-
striking (ault that divides the island nearly In half, On western
Gravina lsland the rocks are only slightly regionally
metamorphosed, and the dominant regional structures (nclude
a northwest-trending open syncling and thrust and high-angle
faults that slightly offset rocks as young as Jurassic or Creta-
ceous. On eastern Gravina Island, the pre-Tertiary rocks ate
penelratively deformed and regionally metamorphosed to
greenschist facies, and the regional structures are southwest-
overturned isoclinal folds whose axial surfaces dip moderately
northeastward. The isoclinal folds are locally refolded or
warped about steeply east(?)-plunging axes, aad in places
both sets of folds are cut by kink bands associated with vertical
cleavage that strikes northeastward, The youngest mapped
structure in the area is a strike-slip tault along Tongass Nar-
rows that appears to dextrally offset an Oligocene or Miocene
gabbro pluton (Tgb) by about 6.5 km.

REVILLAGIGEDO ISLAND AND CLEVELAND
PENINSULA

The central third of the quadrangle Is underlain by diverse
plutonic rocks and by muttiply deformed and metamorphosed
strata that include small outcrop areas of sparsely lossili{erous
Permian (Pm) and Middle Triassic sedimentary and voleanic
rocks (&S), and at least one fault-bounded outcrop area of
schist, phyllite, and meta-igneous rocks (SOu) that are in-
truded by Silurian trondhjemite (Rubin and Saleeby, 1987).
By far the most abundant bedded rocks, however. constitute
an assemblage of apparently unfossiliferous metamorphosed
and deformed strata that we have subdivided Into the foltow-
ing four map units according to the lithologles of the pro-
toliths. (1) Locally pyritic dark-gray state, phyllite. and meta-
graywacke (metaflysch) intercalated with subordinate green
andesitic or basaltic metatuff and rusty-weathering felsic or in-
termediate metatuff (MeFrms). Some of the metaflysch is simi-
lar to Jurassic or Cretaceous sedimentary rocks on Gravina
and Annette Islands. (2) Andesitic or basaltic velcanic and vol-
caniclastic rocks and subordinate metaflysch (MPxmv). Some
of the volcanic rocks consist of rallct ferromagnesian-pheno-
cryst porphyry simllar to Jurassic or Cretaceous volcanic rocks
on Gravina and Annette Islands, (3) Volumetrically minor but
lacally conspicuous metaconglomerate (Mdfrme). (4) A catch-
all unit (Mzru) consists of several metamorphic rock types too
limited in extent to show individually on the geologic map.
The assemblage of metamorphosed bedded rocks is intruded
by small bodies of metagabbro and meatadiorite (Mdxmi) that
may be cogenetic with some of the metavolcanic rocks. We
have assigned the four units a premetamorphic age of late
Paleozoic or Mesozoic because this assignment brackets the
age of the oldest (Permian)} fosslliferous strata known in this
area angd of the oldest (Early Cretaceous) isotopically dated
plutonic rocks that intrude them. Tha youngest rocks known

In this area are basalt and andesite lava flows, breccia, and tuff
(QTv) that mainly ¢oincide with or postdate Quaternary glacia-
tion but may In part be as old as Pliocene.

The oldest radiometrically dated pluton in this area is a
dike o! Silurian trondhjemite (too small to show on the map
sheet} that cuts metamorphosed pre-Devonian rocks near
Caamano Polnt (Rubin and Saleeby. 1987). The oldest dated
pluton large enough to show is an Early Cretaceous ultramafic
complax (Kum) at Alava Bay. The largest pluton 15 2
radiometrically dated middle Cretaceous quartz giorite and
granodiorite batholith (Kq) on northern ReviMagigedo Island
and adjacent Cleveland Peninsula. Other radiometrically
dated Cretaceous plutons include a swarm of mainly uns
metamorphosed but focally flow-foliated and deformed stocks,
diapirs(?}. dikes. and sills of epidote- and garnei-bearing and
locally plagloclagse-porphyriilc granodiorite and quartz diorite
({Kpg). and an epldote-bearing stock near Moth Bay (Kg).
Other Intrusive racks, mainly ol known or assumed Cretace-
ous age. include stocks or domelike sheets of aplite or alaskite
{Klg). and several other small ultramalic bodies (Kum). A
large radiometrically dated Oligocene or Miocene gabbro com-
plex (Tgb) occurs near Ketchikan,

Reglonal structures in the pre-Tertiary strata {map sheet,
section A-A": lig. 3) include sourthwest-overturned to recum-
bent refolded isoclines that are cut by bedding-plane thrusts
and blastornylonite 20nes and by high-angle fauits that post-
date the thrusts. Locally on southwestern Revillagigedo [sland,
the contact between Permian marble and structurally underly-
ing Triassic and possibly younger bedded rocks is a gently to
moderately northeast-dipping fault that we interpret as a major
thrust zone at or near the base of the marble unit(s). In places.
this zone appears to be intruded by Cretaceous plutons. The
amount of offset on any of the faults Is not known, but our in-
terpretation of the tectonic history of the region (Berg and
others, 1972) suggests that thelr cumulative displacement may
be large. The rocks are regionally metamorphosed progres-
sively from greenschist facles on the southwest 1o amphibolite
{acles on the north and east, The map sheet and figure 3 show
the approximate position of the gradational boundary be-
tween the greenschist- and amphibolite-facies rocks in the
Ketchikan and Pdnce Rupent quadrangles. The minerals and
textures resulting from this regional metamorphism, which we
interpret to be middle or Late Cretaceous in age, are over-
printed by contact metamorphism as intense as hornblende-
hornfels facles near the contacts of the Cenozoic and some of
the Mesozoic plutons. Feather schist or “garbenschiefer™
{Turner and Verhoogen, 1960, p. 649), a metamorphic rock
distingulshed by locally conspicuous feathery crystal aggre-
gates of actnolite In & matrix of gamet-bearing silvery musco-
vite schist, is widespread on central and southeastern Revil-
lagigedo Island: Its distinctive mineralogy and texiure suggest
complex metamorphism of a bedded unit that was significantly
different in original ¢omposition from that of the adjoining
strata.

Mineral occurrences that have been productive or exten-
sively explored include massive Jead- and zinc-sullide deposits
and suriferous quartz vains in the metasedimentary and
metavolcanic units, a stibnite (antimony) vein in marble near
Caamano Point, and titaniferous magnetite in the ultramafic
complex at Alava Bay (Berg and others, 1978a, 1981).

PORTLAND PENINSULA
The east half of the Ketchikan-Prince Rupert study area is
a peninsula, bounded by (castern) Behm Canal, Revillagigedo
Channel, and Portland Canal, that we informally call "Port-
land peninsula®, The youngest consolidated rocks known on
Portland peninsula correlate with the Tertiary or Quaternary
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FIGURE 2—Ketchikan quadrangle and northern part of Prince Rupent quadrangle, showing areas described in selected
geologic reports: 1, Brooks (1902): 2, Smuith (1915): 3. Chapin (1918). 4, Buddington (1929); 5, Berg (1972}
6. Berg {1973%; 7, Irvine {1974): 8, Smith {1977} 9, Berg and others (1977); 10, Koch and others (1977): 11,
Eliott and others (1976) and Hodson and others (1979); 12, Gehrals and others {1984); 13, MacKevett {1963}
and Gehrels and Saleeby (1987); 14, geology extrapolated from Ebgrlein and others {1983); 15, Koch and Elliont
(1984). H, Hyder; K, Ketchikan: M, Metlakata. Dot-dash lines outline the three geographic areas described In
“Summary of Geology™.
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FIGURE 3—Interpretive map showing tectonostratgraphic terranes and structural framework of the Ketchikan and
Prince Rupert quadrangles. Plutons not shown. Base map from the Natonal Atlas of the Unlted States, U.S.
Geological Survey, 1970,




EXPLANATION FOR FIGURE 3

Tectonostratigraphic terrane—Queried where assumed

Gravina-Nutzotin belt—Unpatterned, basement not exposed. Solid-line

pattern  shows distribution of Gravina-Nugolin belt depositionally

averlying Alexander terrane

Alexander terrane
Ac Cralg subterrane

Aa Annette subterrane

Ta Tracy Arm terrane

St Stikine rerrane

Contact—Dotted where concealed

TK’) Taku terrane—Dashed line pattem shows distibution of sirata that are
“ possibly coeval with those in Gravina-Nutzotin belt. Extent of these
rocks in Taky tervane Is unknown

——#=— High-angle [fault—Dotted where concealed. Amows show relatve
movement. May coincide in strike with reverse or thrust fault

Thrust fault—Sawteeth on upper plate: dotted where concealed.  May

20-50

colncide in strike with high-angle fault

—A——4A_  Mapped thrust {auh—Showing approximate dip

A2 Interred thrust fault—Showing approximate dip
————- Undefined boundary of terrane—Querled where conginuation s unceraln

or speculatve

—— - —— Coest Range megalineament

50
-4 Generalized attitude of overturned isoclinal folds—Showing direction of
dip of limbs and approximate dip of axial surface, compositdonal

layering, and foliation

~——}—— Syncline

—O—  Sirike of vertical axial plane foliation

-é— Boundary between reglonal metamorphic facies—Dotted where
concealed. G. greenschist lacles; A. amphibolite facies {amphibolite and
locally granulite facies on Pqrtland peninsuta)

Bz Blastomylonite zone

basalt and andesite on Revitlagigedo [sland (QTv). Except for
small outcrop areas of these volcanic rocks, most of the penin-
sula is underlain by a complax of Mesozoic and Cenozolc plu-
tons that enclose metamorphic scraeans and roof pendanis of
problematic premetamorpbic age. This plutonic-metamorphic
complex is fringed on the west and southwest by metamorph-
osed upper Paleozoic or Mesozoic bedded rocks, by undivided
Ordovician or Silurian badded and Intrusive rocks. and by
Paleozoic, Mesozoic, and Cenozoic plutons. At the nottheast
comer of the map area the compiex is bounded by recrystal-
lized lower Mesozotc and possibly upper Paleozoic intrusive
and bedded rocks (Rt, MxPrvs). Parts or all of the plutonic-
metamorphic complex hava been varlously termed the “Coast
Range batholith” (Buddington and Chapin, 1929, p. 173-
253), "Coast plutonic complex” {Roddick and Hutchison.
1974), “Central gneiss complex” (Hutchison. 1970, 1982),
“Coast plutonic-metamorphic complex” (Brew and Ford.
1984), and several other variants of those terms. Some work-

ers have applied those terms to rocks beyond the geographic
ltmits of the plutonic-metamorphic complex as defined in our
report. [n our repon, the complex is bounded on the west by
the western contacts of three map units: foliated quartz diorite
(TXfq) and granodiorite (TKfg), and paragneiss {MePryp). The
southeast boundary is beyond the limits of the Ketchikan and
Prince Rupert quadrangles in Alaska. The complex does not
include the recrystallized lower Mesozoic and upper Paleozoic
rocks at the northeast corner of the map area.

The plutonic-metamorphic complex is a heterogeneous
group of massive to foliated or gneissic batholiths, stocks, and
smaller plutons and regionally metamorphosed amphibolite-
and possibly locally grandlite fucies siratified rocks (MeFap)
that form septa, screens, roof pendants, and xenoliths within
or between the plutons, According 10 our radiometri¢c age
data, the plutons were emplaced during Early Cretaceous,
Late Cretaceous or Paleocene. Eocene, and Ofigocene or
Miocene time. Thelr composition ranges from granite to gab-



bro: the most abundant rock type is foliated granodiosite
{TXfg), Not shown on the map sre numerous QOligocene or
younger lamprophyre (Smith, 1973) and quartz porphyry
(Hudson and others, 1979) dikes. The premetamorphi¢ age of
the stratified rocks has not yet been conclusively determined
by isatopic methods. We nssign them a Paleczoic or Mesozoic
age 10 bracket the ages of {a) probably correlative, isotopically
dated Paleszoic or older metamorphosed bedded rocks
neighboring British Columbia (Hutchison, 1982, p. 23-24)
and (b) the oldest isotopically dated (Early Cretaceous) plu-
tons known 1o intrude them. The isotopically determined age
of metamorphism of the foliated plutonic and bedded rocks on
Portland peninsula is Eocena (Smith and Diggles. 198], p. 2—-
3}. Steuctural trends. isograds, and lithalogic units strike north-
wesl to north; foliation varies in regional dip from vertical and
steeply westward-dipping in many places along Behm Canal to
gently to moderately northeastward dipping on central Port-
land peninsula (map sheet. sectian A4, (ig, 3).

West and southwesi of the plutonic-metamorphic complex
is 2 wedge-shaped outcrop belt of regionally metamorphosed
greenschist- {0 amphibolite-facles. Near plutons such as the
one near Point Sykes (Kgqg), this metamorphism is locally
averprinied by contact metamorphism that In places reaches
hornbiende hornlels facies. Feather schist is widespread. The
east limit of this belt i3 the west boundary of the plutonic-
metamorphic complex as herein defined. On the west and
north the gurcrop belt Is terminated by Revillagigedo Channel
and Behm Canal. but our mapping indicates that correlative
rocks also occur on parts of Revillsgigedo Island and on An-
nette and neighboring islands. The oatcrop belt consists of twa
tracts separated by a northwast-trending linear fault zone that
exiends from Harry Bay to beyond Kah Shakes Cove. The
rocks northeast of the fault are mainly phyllite and schist
{MefPra, MzPru) derived from graywacke flysch. from mafic, in-
termediate, and subordinate felslc volcanic and volcaniclastic
racks, and from small amounts of limestone {m). Very sparse
objects, doubtiully identified as crinoid disks implying a late
Paleozoic sge (Berg and Cruz, 1982) occur in marble layers
(m) along Very [nfet. These objects, coupled with our map-
ping of lithically similar rocks on southern Revillagigedo ls-
Jand. lead us to assign these marbles, and assoclated rocks in
this tract a premetamorphic age of late Paleozolc or Mesozoic.
Meapped ptutonic rocks In thiz tract include granodiorite (Kgq)
stocks that are isotopically dated and provisionally of Cretace-
ous age and elongate bodles of trondhjemitic pegmatite (TKp}
that are of inferred Late Cretaceous or Tertiary emplacement
age. Southwest of the fault the rocks consist mainly of a
metamorphosed Silurian trondhjemite stock (Smt) that
intrudes metamorphosed bedded and intrusive rocks {(SOu)
similar to Ordovician or Siturlan rocks mapped on Annette,
Mary, and Duke [slands.

About 30 km? of the northeasternmost corner of the
Ketchikan quadrangle is underlaln by recrystallized Triassic
plotonic rocks {Rt) and by recrystallized Trassic or older vol-
canic and sedimentary rocks {MiPrvs). These rocks, which
were locally cataclastically deformed during Mesozoic or early
Cenozoic time and then intruded by Eocene plutons, are nota-
bly less deformed and metamorphosed than those of the
plutonic-metamorphic complex to the southwest. We infer that
the boundary between these two contrasting assemblages is a
moderately northeast-dipping thrust zone that subsequently
has been intruded and largely obliterated by the Eocene plu-
tons (map sheet, section A-A’; fig. 3: Berg and others, 1977,
p. 26},

in 1987 the most commercially attractive mineral deposit
on Portland peninsula is a large porphyry molybdenum lode
at Quartz Hift {fig. 2, area }1: Hudson and others, 1979).

Other mingral deposits that have been explared by private (n-
terests include {a) another porphyry molybdenum eccurrence
on the north shore of the mouth of Borroughs Bay. (b) gold.
silver, tungsten, and base-metal veins and disseminated de-
posits in the Triassic or older volcanic and intrusive rocks near
Hyder. (c) base-rmetal massive sullide deposits in the
metamorphosed bedded rocks southwest of Smeaton Bay and
near Humpback Lake, and (d) copper-, ninc-. and silver-bear-
ing sulfide velns and disseminations in paragnelss at Walker
Cove {Berg and others. 1977, 1981}.

TECTONOSTRATIGRAPHIC TERRANES AND
STRUCTURAL FRAMEWORK

Regional tectonic and blostratigraphic investigations (Berg
and others, 1972, 1978¢; Monger and Berg, 1985) show that
the pre-Cenozoic strata in the Ketchikan and Prince Rupert
guadrangles can be interpreted as constituting ltve, mainly
fault-bounded assemblages (map sheet, section A-A': tig. 3).
each characterized by its own distinctive stratigraphy and tec-
tonic history. Northeastward from Prince of Waies Isiand these
tectonastratigraphic assemblages are known, respectively, as
the Alexander terrane, comprising the Craig and Annette sub-
terranes: the Gravina-Nutzotin belt; the Taku terrane: he
Tracy Arm terrane; and the Stikine terrane.

ALEXANDER TERRANE

The Alexander terrane constitutes most of the Alexander
Archipelago of southeastern Alaska and pars of neighboring
British Columbla and Yukon Territory. It comprises upper Pre-
cambrian to Trisgsic strata and is composed of three al-
lochthonous, originally disjunct or otherwise distinctive crusial
blocks named the Admiralty, Craig, and Annette subterranes
{Berg and others. 1978c). The Ketchikan-Prince Rupent study
area contains a small part of the Craig subterrane and all of
the Annette subterrane.
Craig subterrane

The Craiy subterrane fs distinguished by a relatively com-
plete and undeformed sequance of Ordaviclan to Permian
clastic, carbonate, and volcanic strata, by diversa plutonic
rocks. and by 8 pre-Middle Ordovician metamorphic complex
{Wales Group) that may be as old as Precambnan (Gehrels
and Saleeby. 1987, p. 126-127). Recent mapping and geo-
chronologic studies (Gehrels ang Saleeby, 1987, Gehrels and
others, 1983b. ¢} show that the southern part of the subter-
rane is underlain by an Ordovician or Silurian volcanoplutonic
complex of diorite and trondhjemite and cogenetic valcanic
angd volcaniclastlc rocks and that this basement complex is in
fault conlact with Wales Group metabasite and metacarbonate
rocks, In the Keichikan and Prince Rupert quadrangles ihe
Craig subterrane occurs west of Clarence Strait, where it is ex-
posed only on the eastemmost coastal fringes of southern
Prince ot Wales Istand, and where it consists of Devontan(?) and
older Paleozoic bedded, intrusive, and metamorphic rocks,
Annette subtarrane

The Annette subterrane is distinguished by (a} a
heterogeneous asserublage of Ordovician or Shlurian, Stlurian,
and Devonian inteusive, extrusive. clastie, and carbonate rocks
on or near Annette and Gravina Istands and on somthwestern
Cleveland Peninsula (Rubin and Saleeby, 1987), (b} the ab-
sence of any known past-Middle Devonian Paleozoic strata,
and (¢} Upper Triassic thyolite, basalt, clastic, and carbonate
rocks. The youngest pre-Cenozoic stratigraphic unit assigned
to the Annette subterrane is the Upper Triassic Chapin Peak
Formation.

These rocks record several episodes of magmatic-arc and
possibly rift-related volcanism, sedimentation, and intrusion
that began at least as long ago as early Paleozoi¢ time. They




also record a history of deformation and metamorphism that,
depending on the age and location. vari¢s {rom repeated pen-
etrative folding and polymetamorphism as intense a5 am-
phibolite and hornblende-harmtels tacles to relatively simple
folding accompanied by the development of slaty cleavage
and only slight recrystallization.

Recent investigations by Gehrels and others (1987.
1983b, ¢) show that the Annette subterrane contains an Or-
dovician or Silurian volcanoplutonic complex similar to the
one in the Craig subterrane. These data suggest that the two
subterranes may have been in related tectoni¢c environments
in Ordovician or Silurian time, but the marked differences in
their Devonian and later Paleozoic history supports their dis-
tinction as separate subdivisions of the Alexander terrane.

The Annette subterrane is separated lrom the Craig sub-
terrane by the Clarence Stralt {ault, and from the Taku terrane
by mapped or inferred faults, along which the rocks locally are
metamorphosed to blastomylonite (fig. 3). Rubin and Saleeby
(1987) interpret the Alexander (Annette):Taku terrane bound-
ary as a tectonic zone of imbricate east-dipping thrust sheets
with a total structural thickness of over L5 km. On Annette and
Gravina lslands, the conlact of tha Annette subterrane with
the Gravina-Nutzatin belt {s an vaconlomity locally cut by
narmal and reverse laults,

GRAVINA-NUTZOTIN BELT

The Gravina-Nutzotin belt {map sheet, section A-A'. fig.
3) comprises Middlel?) Jurassic (o Lower Cretaceous flysch,
andesitic or basalti¢c volcanic rocks. and subvolcanic dioritic to
ultramafic plutons. This assemblage is interpreted as the
remnants of a late Mesozolc volcanic arc (Berg and others,
1972). On western Gravina Island. bedded rocks assigned to
the belt are only slightly folded and recrystallized: on eastern
Gravina Island and on Ananette Island, they are regtonally
metamorphosed to greenschist facies and {olded into south-
west-overturned, locally refolded isoclines whose axial sur-
faces dip moderately northeast. On the southwest. the
Gravina-Nutzotin belt is in locally {aulted stratigraphic contact
with the underlying Annetie subierrane. On the northeast, the
extent and distribution of rocks of the Gravina-Nutzotin belt
age not yet known. The belt is separated from the Taku terrane
by faults (Rubin and Saleeby. 1987). along which the rocks
locaily are metamorphosed to blastomylonite {{ig. 3.

TAKU TERRANE

The Taku terrane is a possibly polygenetic assemblage of
muhiply deformed and metamorphosed strata that contain
sparse fossils of Permian and Middle or Late Triassic age. as
well as undated metaflysch and andesitic or basaltic metavol-
canic rocks that may in part corretate with Jurassic or Creta-
ceous strata in the Gravina-Nutzotin belt (fig. 3). The key
strafigraphic sequences of the terrane Include (a) a thick se-
quence of upper Paleozole basaltic tulf and agglomerate that
occurs in this terrane mainly north of the Ketchikan and Prince
Rupert quadrangles and that (3 not known in any of the other
terranes (Berg and others, 1978¢) and (b) at least one unit of
metaconglomerate (M:Prmc) that conlains prominent relict
roundstones of trondhjemite or leucocratic quarz diorite and
quarizite in the Ketchikan-Prince Rupert study area. Within
the study area, the key basaltic volcanic sequence may be rep-
resented by the intermediate to mafic metavolcanic rocks
(MePzmv) on Revillagigedo Island and Clevelend Peninsula
and by amphibolite (MPra) on western and southwestern
Partland peninsula.

The premetamorphic age(s) of the metaconglomerate may
be the key to the tectonic history of the Taku terrane. At Gnat
Cove it may grade into upper Palgozoic crinoidal marble, and

at Back island i 15 intercalated with metaflysch simifar to the
flysch sn the Gravina-Nutzotin beit: these relations suggest that
metaconglomerate occurs In at least \wo stratigraphic hori-
zons The trondhjemite ¢lasts in the metaconglomerate are
compositionally similar to the Silurian rondhjemite plutons on
Annette and Gravina Islands (St) and near Cape Fox (Sent) on
Portland peninsula, which are different from any other plutons
known in the Ketchikan and Prince Rupert guadrangles, and
which may have been the source of the clasts. If the pre-
raetamorpbic age of the trondhjemite-clast metaconglomerate
that may grade into upper Paleczolc marble also is late
Paleozow¢ and if the saurce of the clasts is the Silurian plutons,
then the metaconglomerate may record structural juxtaposi-
tion {amalgamation) a1 least of the southern Alexander and
Taku terranes by late Paleozoic Ume. Furthermore, if the pre-
metamorphic age of the metaconglomerate that is intercalated
with the metaflysch is late Mesozolc, then the metaconglomer-
ate may record juxtaposition of the Alexander terrane.
Gravina-Nutzotin bell, and Taku terrane at that time.

The stratigraphic base of 1he Taku terrane is unknown. If
we assume an external provenance (or the trondhjemite clasts
in the metaconglomerate, then there is no faunal, lithologic. or
stratigraphic evidence of rocks older than late Paleozoic lying
stratigraphically beneath the terrane.

The west boundary of the Taku terrane is a zone of com-
plex faults. atong which the rocks locally are metamorphosed
to blastomylonite {fig. 3). Rubin and Saleeby (1987) interpret
this boundary as a tectonic zone of imbricate east-dipping
thrust sheets with 2 total structural thickness of over 15 km. [n
the study area, the northeast boundary s along the west con-
tacts of the paragneiss (MPyp) and {oliated granodiorite
(TKfg) and quanz diorite (TKfg) units. Beyond the limits of
the study area, the foliated quartz diorite (tonalite) apparently
coalesces into a persistent zone of northwest- or north-trend-
ing sills (Brew and Ford, 1981) that probably were emplaced
along a now-oblitarated Mesozoic suture that bounded the
Taku and Tracy Arm ierranes {map sheet, section A-A": Berg
and others. 1978¢; Brew and Morvell, 1979). This boundary
also is spatially related to the Coast Range megalineament (fig.
3; Brew and Ford, 1978), an enigmatic topographic, strac-
tural, and geophysical feature thai appears to have been the
western limit of large-scale regional uplift of Portland penin-
sula beginning in Early Tertiary time (Hutchison, 1970, p.
396 1982, p. 88-90, 96-97).

Field studies in 1981 (Monger and Berg, 1985) suggest
that the Taku terrane In southeastern Alaska comprises at east
three distinctive stratigraphic assemblages whose northwest-
trending boundaries and Internat lithologic irends abliguely in-
tersect the west and east boundaries of the terrane at angles
as large as 40°. The stratigraphic differences suggest that the
Taku terrane may actually consist of structurally juxtaposed,
originally disjunct crustal blocks, and the truncation of their
trends supports the interpretation that the terrane is bounded
by partly obliterated regional faults.

TRACY ARM TERRANE

The Tracy Arm terrane (map sheet, section A-A"; Berg
and others. 1978¢) consists of regionally metamorphased to
amphibolite- and tocally granulite-facles stratified rocks and
minor ultramafic bodies. These rocks form a discontinuous
belt of roof pendants, screens, and xenoliths enclosed by Cre-
taceous or Tertlary plutons, and they lie within or east of a
20ne of nearly continuous sills of quartz diorite (tonalite} that
has been traced for at least the tength of southeastern Alaska
(Brew and Ford, 1981), In the Ketchikan-Prince Rupert sfudy
area, this terrane occurs on Portland peninsula and consists of
sequences of pelitlc and quanzofeldspathle paragneiss and



schist and minor marble and amphibolite. These rocks are
much less abundant than the massive to gneissic plutons that
enclose themn.

The premetarorphic stratigraphy of the Tracy Arm ter-
rane is unknown. Preliminary strontium lsotopic studies ol
granitic rocks on Portland peninsula (J.G. Arth, writien com-
mun., 1978} suggest that Precambnan or lower Paleozoic can-
tinental crustal rocks are not present. On the other hand. near-
by in British Columbia, Pb-U (zircon} isotoplc age determina-
tions on paragneiss that is presumably correlative with that on
Portland peninsula suggest Precambrian. older Paleoxoic. and
pre-Permian agas (Hutchison, 1982, p. 23-24). Sull other in-
vestigations in British Columbia (Woodsworth and others,
1983, p. 10) suggest Late Triassic or younger Mesozoic per-
metamorphic ages for some of the strata in 1he Tracy Arm ter-
rane. These apparently conflicting data, coupted with the wide
varation in premetamorphic lithologies in the Tracy Arm ter-
rane in southeastern Alaska, suggest that the Tracy Arm ter-
rane, like the Taku terrane, rnay actually comprise several
originally disjunct tectanostratigraphic assemblages.

In the Ketchikan-Prince Rupert study area the southwest
limit of the Tracy Arm terrane is along the west contacts of the
paragneiss and follated granodionte and quartz diorite units,
as discussed In the foregoing description of the Taku 1ervane.
The northeast limit of the terrane i3 along a postulated zone of
thrust faults that has been intruded by Eocene plutons (Berg
and others, 1977, p. 29). In the nonheastern part of the
Ketchtkan quadrangle. this zone appears to dip north or east
and to thrust rocks of the Tracy Arm terrane beneath those of
the Stikine terrane. Thrust faults that separate rocks presuma-
bly of the Tracy Arm and Stikine tarranes have also bgen map-
ped in pans of British Columbia (Woodsworth and others,
1983, p. 10), These faulis also appear to be intruded by
Eocene plutons, but contrary to the relations in the Ketchikan
quadrangle, they appear to thrust rocks of the Tracy Arm tet-
rane over those of the Stikine terrane.

STIKINE TERRANE

Rocks assigned to the Stikine terrane {map sheet. section
A-A", lig. 3; Berg and others, 1978c) crop out only in a 30-
km? area in the northeast corner of the study area, The tocks
consist of recrystallized. presumed upper Paleozoic and
Mesozoic sedimentary and andeasitic voleanic and volcaniclas-
tic rocks that are cut by Triassic granodiorite that may be
cogenetic with some of the volcanic rocks This assemblage is
intruded by Eocene granodiorite and guartz monzonite. The
pre-Eocene rocks make up the southwesternmost fringe of a
late Paleozolc and younger assemblage of marine and non-
manne volcanie, (ntrusive, and sedimentary rocks that occur
mainly in British Columbla and Yukor Territory (Monger,
1977; Monger and Price, 1979: Monger and Berg. 1985). The
Stikine terrane probably originated as a late Paleozole vai-
canic arc; its key stratigraphic sequence (1 British Columbia)
is a thick pile of Lower and Middie Jurassic andesitic valcanic
rocks that are unknown in any of the terranes o the west. In
the Ketchikan quadrangle the southwest boundary of the
Stikine terrane is a postulated thrust zone that kas been mostly
obhiterated by the Eacene plutons.
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DESCRIPTION OF MAP UNITS

Glacial. glacial-meanne, altuvial, and talus deposits,
undivided (Quaternary)—Unconsolidated deposits
of poory sorted clay. slt, sand, gravel, and
boulders locally cover bedrock. sometimes to
depths of many meters, throughout the map area.
Glacial drift, dll, and moraine are partly reworked.
A gladial-marine terrace deposit, approximately 3-
m-thick but too small to show on the map occurs
8t an elevaton of about 25 m about 1 km
northwest of the head of Dall Bay on Gravina
[stand (Chapin. 1918, p. 99: Barg, 1973, p. 35). It
consists of stratified glaclal till, gravel, and blue clay
and containg Quaternary marine fossits (Berg and
Cruz, 1982, No. 37). The unconsolidated deposit
mapped at an elevation of about 75 m west of
Blank Infet on Gravina islend may alkso be a marine
terrace deposit that correlates with the fossiliferous
deposit northwest of Dall Bay

Volcanic olivine andesite, trachyandesite, and basalt
{Quaternary and Tertiary)—This extrusive unit
forms volcank cones, ¢olumnar-ointed lava Gows,
and rubbly flous containing pumice and scora; it
also includes patches of ash and lapilli a few cm to
a few m thick but too small to show on the map.
Postglacial eruptian i3 indicated by volcanic cones
at Painted Peak on Revillagigedo Istand and
elsewhere that still retain their constructional shape
with only minor modificaton by stream erosion,
and by unconsolidated pumica. lapili, and ash
deposits that locally cover parts of glaciated vidge
tops. Evidence of pregladel eruption includes flows
that locafly show glacial striae and grooves. K-Ar
age determinations (table 1. Nos. 1-3} indicate
volcanic activity at about 5 Ma and between about
1.0 Ma and 0.4 Ma
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PRINCE OF WALES-GRAVINA.ANNETTE.-
MARY-DUKE ISLANDS AREA

Tgb Gabbro (Tertiary}—A small intrusive body of gabbro
¢rops out in tidal exposires on the northeast coast
of Gravina Island {Berg, 1973, p. 33-34). The
gabbro, which grades into diabase, is a subophitic
to ophitic aggregate of plagioclase (An37-58),
clinopyroxene, orthopyroxene, oliving, and brown
12} biotite. and it has subordinate to minor
amounts of green biotite. chlorite, megnetiie,
coloress to pale-green amphibole, apalite,
potassium feldspar, and quartz. The olivine erystals
are partly replaced by a dark, reddish-brown
mineral. This undeformed and unmetamorphosed
gabbro is assigned an Oligocene or Miocene age
because it is similar to isotopically dated gaddro
thot crops out about 6 km to the southeast across
Tongass Narrows on Revillagigedo [sland (see
deseription of unit Tgb in the Revillagigedo lsland-
Cleveland Peninsula area)

Quertx diorite (Cretaceous)—The only mapped
outerap of this unit in this area ts on Spire lsland
off the northeast coast of Annette Island. The unit
consists of sheared and hydrothermally altered
brownish-gray, medium-grained quarx dlorite
containing albite and quarz and subordinate
rnuscovite, chlorite, epidote-¢linozoisite. calcite,
apatite, sphene, and pyrite. It intrudes Jurassic or
Cretaceous phyllitic graywacke that ls thermally
metamorphosed to andalusita homiels or schist
near the contact with the pluton, Muscovite from
tha pluton vielded a K-Ar age of about 89 Ma
(table 1, No. 50). Although the muscovite may
have been affected by. or is a product of,
hydrothermal alteraion, we assign the pluton a
Late Cretaceous emplacement age becsuse it
{ntrudes Jurassic or Cremceous sirata

Plagioclase-porphyritic  granodiorite and quartz
diorite (Cretaceous}—In this pant of the map area,
this unit has been recognized in outcrop only on
Mary tsland. On western Mary Island @t conststs of
a small stock and marginal dikes of massive,
medium-grained, plagioclase-porphyritic, blotte-
and gamet-bearing, homblende-epidole quartz
dtorite. These rocks have sharp, dlscordant and
concordant contacts with the surrounding
semischist, and shaw no evidence of
metamorphism or deformation, The guarix diorite
typically is characterized by crowded centimelar-
size subhedral plagloclase phenocrysts separated
by a fine- ta medium-grained granular aggregate of
the other minerals. Magmatic minerals intiude
¢ssential plagiociase and guare, accessory epidote
and green homblende, and mtnor amounts of
brown biotite, garnet, potassium feldspar, apatite,
and opzque minerals. Some plagioclase crystals
have multiple delicate oscillatory zones. Epidote
forms anhedral to subhedrsl grains: some arg
twinned, some are concentrically zoned. Gamet
and epidote occur within, but mainky are interstitial
to, plagioclase. Minor deuteric alteration consists of
chlorite streaks in biotite and scattered small
patches of sericite. These rocks, and a smal
unmapped dike of similar texture and composition
that outcrops in the Intertidal 20ne near the
southern tip of Mary lLland, have the same

Kgd

Kpg




distinctive texture and mingralogy as rocks assigned
to unit Kpg on Revillagigedo Island. On the basis
of this comparson, we assign the plagicclase-
porphyritic quartz diorite on Mary Island 2 Late
Cretaceous emplacarment age

Ultramafic rocks (Cretaceous)—This unlt comprises

dunite and peridotite. clinopyroxenite and
homblendite. The dunite and pevidotile ocally are
intensely serpentnized. mainly near fault zones.

On Ouke Island (Invine, 1974), a well-exposed
concenirically 20ned ultramafic intysive complex
has a core of dunite and peridotite and a margin of
clinopyroxenite and homblendite. The olivine-
bearing units locally show rhythmic layerng, slump
structure. and other cumulate features On Duke
and Percy Islands the ulramafic rocks intrude
Trassic gabbro (kg). and Ordovician or Silurian
rocks (SOui). Near some contacts with the
ultramafic rocks, the gabbro Is metamomphosed to
amphibolite and is intruded by dikes of coarse
homnblende-plagioclase  pegmatite.  Elsewhere.
ultramafic rocks shown on the map are mainly 1n
fault contact with adjacent rock units. The unit s
assigned a Cretaceous aga on the basis of K-Ar
ages ranging from 106 to 134 Ma measured on
hombiende from four samples of homblendite and
homblende pegmatite from southermn Duke (sland
(table 1. Nos. 57-61).

The dunite and peridotite In these ultramafic
rocks contain small amounts of chromite. asbestos,
and  platinum-group  metals, and the
clinopyroxenite locally contains accumulations of
titaniferous magnetite (Berg and others, 1981. n.
69. 36}. The ultramatic bodies on Duke angd Percy
Islands have been prospected for wron and chromite

Gravina Island Formation (Jurassic). unnamed

(partly correlative) bedded rocks (Cretaceous
and Jurassic), and related dloritic intrusive rocks
{Cretaceous or Jurassic)—This assemblage
consists of fiysch and other detrital sedimentary
rocks {KJgs). andesitic and basaltic volcanic and
volcaniclastic rocks (KJgv), and gdioritic intrusive
rocks (KJgd) (Berg, 1973. p. 27-33. 1972. p. ) -
3). The dioritc rocks Intude and locally
metamorphose the sedimentary rocks, but locally
they are texturally and compositonally gradational
with the volcanic rocks On western Gravina [sland
the assemblage consists solely of unnaraed derrital
sedimentary rocks; on eastern Gravina lIsland it
consists of inlertonguing sedimentary and volcanic
tocks assigned to the Middle or Upper Jurassic
Gravina Island Formation (Berg, 1973. p 28): and
on Annefte Island It consists of unnamed sivata
correlative with the Gravina Island Formation and
the only mapped occurrence of the diorite. On
western Gravina lsland. the sedimentary rocks
unconformably overlie rocks as old as Ordovician
or Silurian: neither the base nor top of the
assemblage Is exposed elsewhere in the map area,
The total thickness of the assemblage has not been
measured. Limited data indicate that on western
Gravina Island it (s at least 200 m thick (Berg.
1673, p. 27-28): elsewhere, outcrop widths
suggest that it may be as much as 1.000 m thick
(Berg. 1972, p. 2), but its ongnal thickness
probably varled from place to place. The maximum
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outcrop width of 10 km on Grawna Island
probably is due malinly to strucwral repertion,

On western Gravina Island these rocks are
characterized by slaly cleavage and low-grade
metdmorphism; on gastern Gravina Island and on
Annette [sland. they are penetratively deformed
and regionally metamorphosed 1o greenschist
facles and show increasing metamorphic grade
{rom southwest 1o northeast.

fn the Ketchikan-Prince Rupert area. the
assemblage contains fossils of Middle or Late
Jurassic age (Berg, 1973, p. 27-30). Qutside the
area, unnamed rocks that probably correspond
with undated upper parts of the assernblage on
Annette and Gravina (Blands  contain  well-
preserved ammonites of mid-Cretaceous {Albian)
age (Berg and others, 1972, p. D11-D14). On the
basis of thesa regional relations. the assemblage
herein is assigned an age range of Middle(?)
Jurassic  through  Eady  Cretaceous  On
northeastern Gravina [stand, the assemblage s
intruded by a small body of Cligocene or Miocene
gabbro.

Locally on northeastem Gravina Lsland, bedded
rocks of the assemblage are hydrothermally altered
and cut by sullide-bearing quartz veins. some of
which were successfully worked for gold around
the tum of the century (Berg and others, 1981, p.
63-64). Divided (nto.

Diorite and quartz diorite {Cretaceous or Jurassic)—

This elongate stock an northern Annette Island s
apparently zoned from a hypidiomorphic granular
core to a porphyritic margin. The core typically
contains approximately equal parts of relict
plagioclase and fervomagnesian crystals, up to
about 10 percent quartz, and accessory sphene,
apatite, and pyrite. The marginal zone contains
relict plagioclase phenocrysts as long as 1-cm, both
as Individual crystals and In clumps, amphibole(?)
pseudemorphs of homblande or pyroxene, and as
much as about 10 percent interstitial quartz. pyrite,
and undatermined metamorphic minerals. The
pluton Is magsive or locally moderately foliated and
is hydrothermally altered. Plagiodlase fs convened
almost endrely to very fine grained albite, epidote-
clinozolsite, and sericite, and the ferromagnesian
minerals to actinolite. chlorite, and epidote. The
pluton intrudes metasedimentary rocks of the
Gravina Island Formadon with sharp, tocally
migmatitc  contacts. lis  contact  with  the
metavolcanic  rocks of the Gravina Island
Formation. however, apparently is compositionally
and texturally gradational, suggesting that the
pluton and the metavolcame rocks are cogenetic
(Berg, 1972, p. 1-2). On the basis of these
relations, the pluton is assigned an age of Jurassic
ar Cretaceous

Andesitic to basaltic volcanic and volkcaniclastic

rocks and minor sedimentary rocks (Cretaceous
and Jurassic)—This unit consists of locally massive
but generally loliated and schistose green
metavotcenic rocks derdved from andesiic and
basaltic wif and agglomerate (Berg, 1972, p. 2
1973. p. 31-32). It also contains minor grayish-
green and black phyllite and phyllitic siltstone that
gradationally intertongue with the metavolcanic




rocks. Chemkal analyses (Berg and others, 1972,
p- D15) show that the most abundant rock type is
basaltic andesite. It consists of lithic and crystal-
lithic tuff that contains relict euhedral phenscrysis
ol plagioclage feidspar and dark leromagnesien
minerals 1 cm or less in size. The phenocrysis are
moderately o swongly saussuntized plagioclase,
colortess augite, and pale-green amphibole: the
graundmass s 2 fine-gralned microgranular
aggregate of relit augite and hornblende and
metamorphic  actinolite, chlorite. epidote. albite.
quartz, muscovite, prehnite. calcite. and leucoxene.
Metamorphic textures and minerals (except
prehnite) ndicate regional  greenschist-lacies
metamorphism that we infer to be Cretaceous in
age. on Ihe basis of radiomemcally dated
Cretaceous metamorphi¢c  minerals  in  the
Revillagigedo Island-Cleveland Peninsula asea {(see
“Metamorphosed  sedimentary.  volcanic, and
intrusive rocks (Mesozoic or Paleozoic)™).

On the northeastern shore of Bostwick Infet
{Gravina Island) the unil contains an unmspped
intrusive(?) body of massive sugite or homblende
porphyry (HC. Berg and JB. Saleeby.
unpublished data, 1980). This porphyry, which we
interpret as a subvoleanic feeder to the extrusive
rocks of (he Gravina Island Formation, containg
locally abundant xendliths of dark-greenish-black
medium- and coarse-grained pyroxene Qqabbro,
whose source may be a buried uliramafic pluton
analogous to the ultramafic gabbroic complex on
Duke Isiand

Sedimentary rocks and minor volcanic rocks

(Cretaceous and durassic)—On westem Gravina
Island (Berg, 1973, p. 27-28). this unit consists of
basal conglomerate and grit that grade upward and
laterally into slaty but otherwise
unmetamorphosed, dark-gray. thin-bedded
graywacke and minor limestone. Locally the
graywacke contains a Buchio [auna indicauve of a
Late Jurassic age. The conglomerate consists of
poorly sorted angular (o subrounded clasts, as
much as a rneter in maximum dimension, derived
from stratigraphically underiying units, the matrix is
graywacke and grit. On Annette island and eastern
Gravina lsland (Berg, 1972, p. 2-3: 1973, p. 32~
33). the unlt consists of regionally metamorphosed
greenschisi-facies flysch and minor intertonguing
andesitic metatuff. The flysch includes phyllide
graywacke, argillite, conglomerate, gnit. and minor
sifty limestong. The conglomerate and gnt typlcally
consist of matrix-supported angular to subrounded
clests, as much as a mater long. of green metatuft
and dark-gray memflysch in a metallysch matrix
Near Rock Point on northeastern Gravina {sland,
the conglomerate also contains prominent relict
roundstones of quarz diorite as much as 25 cm in
diameter (Berg, 1973, p. 32~33). The racks in this
unit on Annette and epstern Gravina [slands differ
from those on western Gravina island by greater
intensity of penetrative deformation and reglonal
metamorphism, by intertonguing andesitc and
basaltic volcanic and voleaniclastic rocks, and by
poorly preserved fossil belemnoids and pectinid
clams, possibly of Middie or Late Jurassic age. The
intertonguing volcanic rocks are lithically identical
to those in the volcanic members of the Gravina
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(sland Formation

Gabbro (Triassicy—Much of central and eastern Duke

tsland is underlain by a large body of pyroxene
gabbro that consists of varying proportions of
ollvine,  hypersthene,  audite.  plagioclase,
homblende. and minor opaque wnerals (Irvine,
1974). The ogabbro (ntrudes deformed and
mewmorphosed Ordovician or  Siurian
sedimentary and igneous rocks (SOu, SQui). and
n um s Intruded by Cretaceous ultramafic rocks
{Kum). The gabbro is assigned a Triassic age on
the basis of a U-Pb appatent age of 226=3 Ma
{lable 1. No. 6la) (Gehrels and others, 1987,
p. 878}

Chapin Pesk Formation (Triassic}—This unit, named

for i3 excellent exposures near Chapin Peak on
Gravina lsland (Berg. 1973. p. 23-28). consists
chiefly of marine basaltic volcanic rocks and
subordinate intertonguing sedimentary rocks that
crop out mainly on westem Gravina lsland. We
provisionally correlate outcrops of basaltic pillow
flows and breccia north of Sylbum MHarbor on
western Annette [sland (Berg, 1972, p. 3) with the
Chapin Peak Formston on the basis of similar
lithology end stratigraphic position. The Chapin
Peak Formation is characterized by basaltic pillow
flows. caleareous agglomerate and volcanic breecia.
and aqusgene tuff. The volcanic and volcaniclastic
rocks intertongue gradationally with limestone and
calcareous clastic sedimentary rocks that are much
less abundant and that occur mainly near the base
of the formation. Deformation vaties from slight
pllow flattening and Jointing in the relatively
massive volcanic rocks 1o slaty or phyllitic {abric in
the fine-grained detvita) rocks. The mineralogy and
textures suggest that the volcanic rocks have
undergone either widespread deuteric alteradon or
possibly regional metamorphism o the prehnite-
purnpellyite facies (Berg, 1973, p. 25). Near the
fault zone along Bostwick Inlet, the rocks are
relstively strongly recrystallized and sheared.
Limaestone beds and limestone clasts in
conglomerate assgned to the Chapin Peak
Formation in Bostwick Inlet contain well-preserved
Late Triassic (late Norsn] fossils {8erg, 1973, p.
24: Berg and Cruz, 1982). The Chapin Peak
Formation conformably or disconformably overties
older Upper Triassic sedimentary rocks. On
Gravina [sland, it is overlain by upper Mesazoic
detrital rocks with apparent slight structural, but
marked erosional, discordance. The thickness of
the formation ranges from about 150 to 500 m.
This varistion reflects differences v oniginal
thickness and in postdepositiona) erosion. The age
of the Chapin Peak formaton is Late Triassic

Sedimentary and mafic volcanic rocks (Triessic)—

This unit includes the Upper Trassic Nehenta
Formation on Gravina Island (Berg, 1973, p. 19—
23) and unnamad correlative rocks on Annetie
Island (Berg, 1972, p. 3). It consists of three
intertongquing  members.  {1)  carbonaceous
limestona and siltstone that grade into (imestone,
limestone breccia, and calcareous conglomerate,
grit, and sandstong; (2) coarse, trondhjemite-clast.
rich conglomerata and grit: and (3) basaltic pillow
flows, agglomerate, and aguagene tuff. The darker
hued rocks contain abundant graphite and locally
are stikingly rich in well-crystallized pyrite. The
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carbonaceous limestone and siltstone commonly
are inmicately folded and complexly lineated
Regional dafarmaton and metamomhism differ
from place to place. varying rom crude facwre
cleavage in the coarse conglomerate and grit lo
phullitic folladon in the carbonaceous member. On
Annette  fsland. the rocks are reglonslly
metamorphosed 10 greenschist facies and contain
the mineral assemblage sericite, quartz. afbite,
chlorite. calcite, and epidote-cinozoisite, the
intensity of deformaton and melamorphism
increases from west to east. On Gravina lsland.
regional deformation and metamorphism generally
are less intense than on Annetie Island. The
carbonaceous beds and the limesione locally
contain well-preserved Late Triassic fossils (Berg.
1873, p. 20. Berg and Cruz. 1982). Buddington
and Chapin (1929. p 170) esimated that rocks
assigned to this unit on Gravina lsland are about
500 m thick. The unit conjormably overlies or ls
laterally gradational with Upper Triassic limestone
and dolomite (RI) and felsic volcanic rocks {Rv),
and it unconformably overltes Devonlan and older
Paleozoic vocks. It is gradationally and conformably
overlain by Upper Trassic mafi¢ volcanic rocks
(Rc) and unconformably overlain by upper
Mesozoic sedimentary tocks (KJgs) The age of
this unit is Late Triassx

{imestone and dolomite {Triassic)—This unit consists

of dark-bluish-gray, very fine grained recrystallized
timestone  (metacarbonate)  distinguished by
solubon pits and valieys. cavems, and underground
drainage. Most of the lmestone i3 massive and
calcitic, but locally i 18 moderately to thichy
bedded and, in a few places. dolomitic. In several
places near Crab Bay (Annette Island). this unit
contains disseminated galena, sphaletite. and other
sulfide minerals (Berg and others. 1981) Dolomiic
limesione near Crab and Kwain Bays on eastem
Annette Island contains microfossils (conodonts) of
Late Triassic age (Berg. 1982, p. 5-7). The unit
conformably overlles felsic volcanic rocks; it
intertongues laterally with, and is coalormably
ovedain by, carbonaceous limestone and silistone
(Rav). The maximum thickness of the unit Is about
70 m. The age of this unit is Late Triassic

Felslc volcanic rocks (Trlassic)—This unit includes the

Upper Triassic Puppets Formaton on Gravina
Istand (Berg, 1973. p. 10-14) and unnamed
correlative tocks on Gravina (Berg, 1973, p. 14—
15) and Annette (Berg, 1972. p. 4) Islands. The
Puppers Formmation is diuded into two
intertonguing members: massive-appearing, thinly
tayered recrystallized rhyolite. and recrystallized
lelsic tulf that varies in composition from (atite to
rhyolite The tufl member occurs In discontinuous
layers and lenses, generally a1 o1 near the base of
the formation. At Driest Point on Annette island.
the unlt iIncludes rhythrically bedded tuffaceous
hmestone and calcareous tuff that probably record
marne deposition of rhyolitic ash and lapilli. The
thyolite typically consists of thin layers. interpreted
as reliet flowbands, of aphanite contaning minute
ralict phenocrysts of quanz and feldspar. vanants
have conspicuous fragmentai and spberulitic
textures, The tuff varies from massive o schistose
fragmental rock that locally containg conspicuous

angular clasts of hondhjemite. The degree of
delormation and recrystallization varies markedly
throughout the unn and seems to depend at least
as much on the susceplibility of the onginal
lithologies as on the Iintensity of regional
greenschist-facies metamorphism. Chemical
analyses show that the composition of the unit also
varies greatly. especlally in alkali content (H.C.
Berg. unpub. data. 1966-70): the cause of this
vanration is not known. The uni occurs in a varniery
of colors. most typically white, pink. or bnght red,
The reddish hues are caused by abundant
disseminated hydrothermal hematite. especially
near the base of the unit and in some of the
adjacent rocks. Rhyolte near Nehenta Bay
{Gravina lsland) contains bright-red veinlets of
jasper Locally the hematite is accompanied by
pynte, chalcopyrite. and other sulfide mnerals,
panly in disseminated grains and partly in fissure
vens with bante, calcite. and quarz. Many of these
lodes have been prospected for gold, copper. and
other metals since about 1900 (Berg and others.
1981, p. 59-70). The unit is assigned a Late
Trassic age on the basis of Late Trassic fossils
{conodonts)  in dolomitic  limestone  that
conformably overlies rhyolite on eastern Annette
{sland (Berg. 1982. p. 5-7). aad on a U-Pb
(2ircon) apparent age of 225 =3 Ma on a sample
of rhyolite from the mouth of Bostwick Inlet on
Gravina [sland {Gebrels and others. 1987, p. 877)
The unit unconformably overlies Devonian or older
Paleozoic rocks and 15 conformably averlain by
Upper Trassic carbonate. detrital, and basaltic
volcanic rocks. The eshmated maximum thickness
of the unit is about 350 m

Sedimentary and volcanic rocks (Devonian)—On

Annette. Gravina, Hamis and Hotspur [slands
(Berg, 1972, p. 4-5; 1973. p. 15-16), this unit
consists primarlly ol massive and thinly bedded
dolomitic marble and recrystaliized Limestone and
of greenschist facies. locally pyritic, phyllite and
semischist derived from graywacke flysch, It also
contains faldspathic to arkosic calcareous silistone
and sandstone, conglomerate, calcarenite and
limestone breccla, and concredonary dolomite.
Where stratigraphic relations can be determined.
the unit unconformably overlies Silurian or older
Paleo2oic rocks and is unconformably overiain by
Taassic and younger Mesozote rocks. In this report
the unit is assigned an Early or Middle Devonian
age because ol the stratigraphic relaons and the
fossils In limestione and other calcareous rocks
{Berg and Cruz. 1982). The siructural complexity
and poor exposures of this unit prevent measuring
its thickness, but it probably is at least several
hundred meters thick.

On Prince of Wales Island (Eberletn 2ng others,
1983, p. 16), rocks here provisionally correlated
with unit Dsv {their unit Dvs) conslst of flyschlike
tuffaceous banded mudstone, graywacke, quarizo-
feldspathic wacke, and subordinate grt. The flysch
section grades upward with increasing carbonate
cantent into (2) tuffaceous marlstone, (b) erudety
graded,  carbonate~cemented,  broken-pliow
breccia, and (¢) voleanic conglomerate. These beds
in tum are gradationally ovedain by carbonate-
cementad lithic lapilli aquagene tuff, subordinate




basaltic \0 andesitic pillow flows, volcanic breccia,
and conglomerate that contains rounded clasts as
much as 1 m in diameter, of altered leucogabbro,
diorite. and mafic dike material probably derived
from rocks in unit SOui. Fossils have not been
found in this unit on Prince of Wales Istand. It 1s
provisionally assigned a Oevonian age because of
sratigraphic relatons angd lithologic similarities to
{aunally dated Devonian rocks elsewhere on Prince
of Wales Island (Eberlein and others. 1983, p. 16).
lts total exposed thickness is about 1,900 m, but
the top of the unit Is not exposed

Trondhjemite {Sturian)}—This unit consists o the

Annette and Central Medakatla plistons on Annette
lsland {(Berg, 1972, p. 5-7) and correlatve
unnamed plutonic rocks on Gravina Island (Berg,
1973. p. 8-9) The plutons consist manly of light-
aray ondhjemite composed ol sodic plagioclase.
quarz., and minor lo trace amounts of biotite.
hornblende. and potassium leldspar. On Annette
lsland. the rondhjemite grades northward nto a
border zome of trondhjemite-quarz  diorite
distinguished by increasing amounts of biotte and
homblende. On Annette and southem Gravina
Islands. the trondhjerite grades locally into granite
by increased amounts of potassum feldspar. On
southern Gravina Island. the rocks are commonly
pink or red because of very finely disserminated
hydrothermal hematite (Berg. 1973, p. 9). The
margin of the Annette pluton characteristically is a
moderately to strongly foliated quartz-plagioclase-
sericlte schist that is difficult to disanguish from the
surrounding country racks. The intermediate and
central parts of this pluton commonly are
calaclastically deformed. and tightly  healed
microbreccia and protomylonite are widespread.
Thea unit {s assigned a Silunan emplacement age on
the basis of preliminary Pb-U ({2rcon) age
determinations in the 408424 Ma range (@ble I,
Nos. 82, 84-86. 93)

Extrusive, intrusive, and sedimentary rocks.

undivided (Slurfan  or  Ordoviclan}—This
helerogeneous assemblage comprises (a) mafic.
Intermediate. and subordinate felsic volcanie and
voleaniclastic rocks. (b) clastic and carbonale
sedimentary rocks, and (c) intermediate and mafic
plutonic intrusive rocks Also, locally divided into:
Intermediate and mafic plutonic rocks—This
subunit is mapped separately on Prince of Wales
tsland, on southwesiern Annette lsland (South
Metlakada pluton of Berg, 1972, p, 6). and on
Duke. Mary. and southem Grawina lslands (Berg,
1973. p. 16-19)

East of Clarence Stvalt. most of the rocks are
penetatively deformed to phyliite. semischist. and
schist. and are regionally metamorphosed to
greenschist and locally amphibolite facies (Berg.
1972, p. 7-8). Premetamorphic extrusive rock
types incdude basalne tuff, agglomerate. and pillow
flows and intermediate and felstc tuff (at least pardy
spllite and kevatophyre); sedimentary rock types
include argillite. graywacke-siltstone, limestone.
conglomerate, and. in the matrix of some of the
pillow flows, red chert; and intrusive rock wpes
include medium- and coarse-grained diorite,
homblende  diorite. and quarz  diorite.
Compositional. textural. and structurat relations
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indicate that at feast some of the volcanic and
plutenic rocks are cogenetic (Gehrets and others,
1984). A sample of quartz diorte from unit SOu
on southem Annette Island ebsl of the mouth of
Tamgas Harbor and a sample of quarz diorite
from onit SOui on Duke Island have prehminary
Pb-U {zircon} ages in the 430450 Ma range (iable
1. Nos. 94, 89) The unit is assigned an Ordovician
or Silurian age because it contains isotopically
dated Ordowiclan and Silurian plutonic rocks and
cogenetic volcame rocks: and it is also inruded by
isotopically dated Silunan trondhjemite plutons
{SB) The thickness of the straiilied rocks in this unit
is unknown.

On the part ol Prince of Wales Island bordering
the Ketchikan quadrangle, Eberdein and others
(1983, p. 12) describe rocks here provisionally
correlated with unit SOui (their unit Pric) as a
“Metalgneous complex consisting of masses of
diorite-basite migmatite, and irregular intrusive
bodies of homblende and(or) quartz diorite. . . .
lencogabbro, trondhjemite, and minor pyroxenite
cut by mafic. . . and felsic dike swarms™. Saleeby
and others {1984) repon preliminary Pb-U (zircon)
ages for various components of the complex in the
400~ to 500- Ma range. On the same pan of
Prince of Walas Island, racks here provisionally
correlated with umt SOu include three units from
Eberlein and others (1983, p. 17-20): unit SOs,
Ordoviclan or Silurian marine graywacke, banded
mudstone, silistone,  argillte, and  assoclated
basaltic flows and fragmental rocks; unit SOv,
Ordoviclan or Siludan marine andesitic to basaltic
volcanic and volcaniclastic rocks; and unit Frp€w,
Precambrian or Paleczoic Wales Group consisting
of {a) marine andesitc, basaltic, and subordinate
felsic flows and tragmental rocks, (b) graywacke,
mudstone and shale. and (c) locally intedayered
marble. Because the faunal ages of units SOs and
SOv of Eberlein and others {1983, p. 1B) on
Prince of Wales [sland are nearly contemporaneous
with the prefiminary Pb-U isotopic ages of igneous
rocks in unit SOu east of Clarence Strait (table 1,
Nos. 89, 93, and 94), we assume that these three
units are comrelative. Our provisonal correlation of
rocks in the Wales(?) Group in the Ketchikan
quadrangle near Port Johnson (Prince of Wales
Island) with those in unit SOu Is Inferred panly
from the mapping by Eberlein and others (1983)
and partly from more recent geologic mappling and
isotopic studies in that area by G.E. Gehrels {oral
commun., 1983) Although part of the Wales
Group on Prince of Wales Island may be
Precambrian in age (Gehrels and Saleeby, 1987, p.
127), the rocks mapped by Eberein and others
(1983. p. 18-19) as the Wales Group near Port
Johnson are Indistinguishable from those mapped
as their unit SOv. On this basis, we infer that most
or all of the bedded rocks near Pont Johnson
probably are Ordouiclan or Silurian, not
Precambrian, in age

On the part of Prince of Wales lsland bordering
the Prince Rupert quadrangle south of lat 54°55’
N.. MacKevett {1963) describes a complex of
intrusive ignecus rocks that Includes pyroxenite,
gabbro, quartz diorite, diorite, granodioriie, quartz
monzonite, and syenite. These plutons Intrude and




enclose subordinate metamorphosed  detrital,
calcareous, and volcanic bedded rocks. MacKevett
(1963, p. 15, 40) assigned the Intrusive complex a
provisional Cretaceous emplacement age and
provisionally assigned the bedded rocks a
Devonien premetamorphic age. Subsequent Pb-U
isotopke dating studies and geologic mapping,
however, show that the emplacemem aga of most
of the Igneous complex s Ovdovidan or Silurian.
as is the premetamorphic age of most of the
mefamorphosed bedded rocks (Gehrels and
Saleeby. 1987), We therelore provisionally
comrelate the rocks of the intrusive complax with
unit SOui and the metarnorphosed bedded rocks
with unit SOu

REVILLAGIGEDO ISLAND AND
CLEVELAND PENINSULA

Granite and quartz monzoaite porphyry (Tertlary)—

A massive and undeformed quartz- and feldspar-
porphyritic stock [ km in diameter and 2 swarm of
quartz  porphyty  dikes intude amphibolite
(MFrmv) and homblende-biotite quarkz diorite
(Kg) ot the mouth of Burroughs Bay. The granite
and quartz wmonzonite porphyry consists of
potassium feldspar euhedra as much a3 1.5 cm
long and partalky resorbed quartz crysials as much
as 3 mm in dlameter in a dne-gralned groundmass
of quarz, plagioclase. potassiuro feldspar, and
minor biotite. Pyrite is disseminated throughout the
pluton, and molybdenite occurs locally as thin fims
coating fracture surfaces. The dikes are mainly
aphanite and very fine grained quarz porphyry
contalning 0.5- to 3—nm quartz phenocrysts in an
aphanitic groundmass. Some of the dikes contain
disseminated pyrite and traces of molybdenite. The
pluton s assigned an Qligocene or Miocene
emplacement age on the basis of a K-Ar age
determination of about 23 Ma (table 1, No. 7) on
biatite and chlordte, The sample that was dated
probably was collected from an apophysis of this
pluton that is too small to show on the geologic
map

Gabbro (Terflary)—A crudely zoned gabbro complex

forms an glongate stock near Ketchikan an
southwestern Revillagigedo Island  (Koch and
Elliofl, 1984). An olivine-bearing wo-pyroxene
gabbro makes up the core of the complex: biotite-
homblende two-pyroxene gabbro sumounds the
core: and a discontinuous zone of quartz-bearing
gabbro underiles two areas al the northwest and
southeast ends of the complex. Petrographic
studies indicate that the intemal contacts are
probably gradational. The gabbro is not deformed.
It intrudes greenschist-facles metavolcanic and
metasedimentary rocks and guartz dlorite infrusive
rocks. Thermal metamorphism of the stratified
rocks by the gabbro has produced & xone of
hornlels and spotted schist apparently a3 wide as 3
km in the adjpining country rocks. This 2one is
shown by a stippled pattem on the map. The
gebbro complex is assigned an OQligocene or
Miocene emplacement age on the basis of K-Ar
age determinafions on biotite and hombilende af
about 2325 Ma (table 1, No, 5)

Leucocratic granodiorftie, quartz monzonite, and

aplite (Cretaceous)—This unit comprises three
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mapped plutons on  eastcentral  Revillagigedo
Istand. The largest body, east of Manzanita Lake, is
an elongate (18 km by 7 km) pluton of leucocratic
granodlorite that may actually comprise several
different plutons too 3mall 1 show or
Indistinquishable at reconnaissance mapping scale.
The pluton is dominantly medium- to fine-grained
hypldiomorphic granuldr grancdiorite. Locally it is
foliated, and has thin muscovite or biotite partings
evenly spaced 2~10 mm apart: in places near east
Behm Canal it is gnelssic. Color index ranges from
0 to 15, but It is mainly between 0 and 2. The
abundance of leucocratic aplite {Cl = approximately
0} vsries from sparse patches to more than 70
percent of some outcrops. Near its margins the
pluton contains structurally discordant xenoliths of
amphibolite a5 long as several metfers. Most
auterops are cut by albite(?)-quartz pegmatite dikes
(hat locally contain very coatse muscovite and {or}
blotite. In some places, these dikes constitute most
ol an autcrop. North of Manzanita Creek, cutcrops
composed almost entirely of this pegmatite were
mapped with this pluton.

Naar Mount Reid this unit forms two stocks of
foliated leucocratic biodte quarz monzonite
containing 1-2 percent dark-red gamet Biotite, the
only mafic mineral makes up as much as 10
percent of the rock, and forms thin films, layers,
streaks. and. locolly, clots as large as 2 cm in
diameter. The plutonic and metamorphic rocks
mapped between Manzanita Lake and Mount Reid
conain pegmatite and aplite dikes and sills too
small 1o show on the map, The dikes and sills
range from a few centimeters to more than 100 m
thick, and appear 10 be spatally and genetically
reloted o the stocks. The dlkes occur in swarms
that locally domlinate outcrops within this area.
Subhorizontal sheets of aplite cap some ridge tops
and form prominent bands oacross nearly vertical
cliff walls. The ap\e wvaries from massive to
moderatety foliated and s characterized by sugary

texture, low color index (0 10 5 percent biotite},
and 3 few small pink gamet euhedra Locally it
contalns quartz and feldspar phenocrysis. The
aplite 18 cut by abundant albite(?}-quartz pegmatite
dikes that locally contaln coarse biotite and (or)
muscovite, and a trace of gamet Follation in the
tocks assigned (o this map unit appears (o
generally increase northward, as does the regonal
metamorphic grade of the enclosing sedimentary
and volcanic country rocks, In many places,
however, intrusive contacts of apophyses of this
unit are less penetratively deformed than the
enclosing metamorphic country rocks, suggesting
that at least some of the unit was emplaced after,
or during the waning stages of, the regional
metamorphism of the courry rocks Rocks
mapped with this unit have not been dated by
isotopic methods. We assign the unit a Cretaceocus
emplacement age becduse its  structural
characteristics and contact relations are consistent
with emplacement during and after the waning
stages of the regional metarmorphism that we
befieve 1s Cretaceous in dga ({see " Metamorphosed
sedimentayy, wvolcanie, and intusive rocks
(Mesazok or Paleozok)")



Plagloclase-porphyritic  granodiorite and quartz

diorite (Cretaceous)—These plutons generally
form stocks § km or less In outcrop diameter, and
dikes and sills 100 small to show on the map.
Primary ignecus textures predominate. The rocks
are locally {ollated but rarely show evidence of
deformation or metamorphism axcept In same ol
the thin. unmapped sills, Typical samples contain
conspicuous white plagioclase phenocrysts as large
as 3 cm that make up 50-60 parcent of the rock.
The groundmass consists of fine-grained quartz (8-
20 percent), potassium feldspar (<1-10 percenn),
biotite (5-25 percent) and homblende (0-15
percent). Primary {magmatc) gamet and epidote
oceur as anhadral {0 euhedral crysials a3 large as 3
mm. Epidote occues within, but mosly intersttial
to, plagloclase. It commonly forms 2-5 percent.
but locally forms over 10 percent of the rock,
Composiion of the epidote varles from sample
sample, but &t least some Is the iron-free vaneaty
(clinozoisite). Some of the gamet occurs In the
cores of plagloclase phenocrysts, and some as
discrete crystals, but it rarely makes up more than
1-2 percent of any sample. Secondary minerais
focally include clinozoisite-epidote, white mica, and
chlorite, Within the outcrop areas of this map urit
are a few small, otherwnse unassigned intrusive
rocks that include aplite. pegmatite. and diorite.
Sare ol the mapped plutons appear to be crudely
zoned: cores sre massive porphyriic gemet- and
epidote-bearing quartz diodie, and margins sre
massivg {ollated equigranular granodiorite. Primary
(magmati¢) Now foliadon, when present. |s more
conspicuous near the margins, where it commoaly
is parallel to the metamorphic foliabon of the
intruded country rocks. Field retagons indicate that
most of tha unmapped dikes and sitls and some of
the smaller mapped plutons are nearly parallel o
the compositional layering of tha metamorphic
country rocks, whereas the contaets of most of the
larger plutons clearly intersect the metamorphie
layering. Plutons that have crosscutting contacts are
accompanied n some places by narrow aureoles
that show thermal metamorphisem to homblende-
homtfels facies, that overprints the melamorphic
foliation of the country racks. These petrographic,
structural. and metamorphic relations indicate that
most of the plutons assigned to this unit were
emplaced after the reglonal metsmorphism and
deformation of the country rocks, but that at least
some of the mapped plutons and unmapped dikes
and sils may have been emplaced during the
waning stages of metamorphism and deformation,
The unit is assigned an emplacement sge of Late
Cretaceous an the Dbasis of radlometic age
determinations of 82-97 Ma (tabie 1. Nos. 51, 52)

Quartz diorite and gronodiorite (Cretaceous)—a

batholith of generally massive homblende quartz
diorit¢ and ganodiorite crops out on northem
Revilagigedo Isand and adjacent Cleveland
Peninsula. In places, the pluton is weakly loliated
or contalns abundant ellipsoidal dark inclustons
that commonly are parallel to aligned homblende
crystals and impart a pronounced lineaton. Near
east Behm Canal, the pluton Is locally gnelssic.
Lacally prominent features include zones of
angular agmatite and dikes and veins of light-gray-

t6

wenthering quert-feldspar {-biotite-garnet)
pegmatite. Gamet partally replaced by chiorite
occurs in many outerops, and all samples of the
pluton examined In thin section contain magmatc
epidote. The pluton Is assigned » Late Cretaceous
emplacement age on the basis of Pb-U (xrcon) age
determinadons of approximately 90 Ma for samples
collected from northem Revillagigedo Island and
Yes Bay (table 1, Nos. 42, 46)

Epidote-blotite-hornblende  granodiodte  (Creta-

ceous)—Thig pluton, which also includes minor
amounts of quartz diorite, is characterized by nearly
ubiquitous apple-green magmatic epidote. Textures
and compositions vary grealy. The pluon is
relatively massive In parts of its intettor. but along
some mergins Ui gredes into fine-grained
quartzofeldspathic  schist  (blastomylonite  and
mylonite schist) contalning only baraly recognizable
relict porphyroclasts of granitie rock. The pluton s
most schistose along Revillagigedo Channel, but
schistose z0nes occur sporadically throughout the
unit. The pluton is assigned » Late Cretaceous age
on the basis of a homblende platean “Ar/~Ar
cooling age determination of 96-97 Ma (Sutter and
Crawford, 1985, p. 411) (table 1, No. 55)

Utiramafic rocks (Cretaceous)—This unit consists

chiefly of rusty-weathering, massive-appearing,
dark-greenish-black biotita- or dinopyroxene-
bearing homblendite and homblende
clinopyroxenite. Thin-sectton studies show coarse
xenomorphlc  aggregstes of homblende and
clinopyroxene and asccessory sphene, apatite, and
opaque minerals; some samples also contain
accessory bdlotite. The clinopyroxene commonly Is
parly altered to pale-green  homblende.
Hydrothermal or metamorphlc minerzls include
biotite, chlorite or andgorite, talc(?}, actinolite(?),
epidote, and calcite, At Alava Bay (southern
Reviliagigedo island), biotite homblendite intrudes
metamorphosed bedded rocks and Eady
Cretaceous granitic rocks {Kg), and it is intruded
by undated granitic dikes too small to show on the
map. The contacts of ulramafic rocks mapped
clsewhare on Revillagigedo klend were not
observed during this Investigation. Aeromagnetic
characterisics  (U.S. Geological Survey, 1977)
suggest that the body near Clover Passage
(southwestern  Revillagigedo  Island) may be
intrusive and that bodies east and west of Thorne
Arm may be thin, reiatively flat-lying thrust sheets
or slabs (Andrew Griscom, aral commun., 1977}
The homblendite at Alava Bay is assigned a late
Early Cretaceous emplacement age because a K-Ar
age determination on homblende gave an age of
about 99 Ma {table }, No. 56). Other ultramafic
bodies mapped on Revillagigedo Island have not
been dated by isotopic methods. in this report they
are provisionally correlated with the body at Alava
Bay on the basis of simiiaritles in mineralogy,
texture, and geologic setting

Metamorphosed sedimentary rocks (Triassic)—This

complexly lokded and regionally metamorphosed
greenschist-fackes.itnit, mapped only along the east
shore of George Inlat on southwestem
Revilagigedo lsland, consists chiefly of thinly
interbedded (average hickness less than 25 om)
pyrite-bearing carbonaceous (graphitic) slate,



ptwillite, and fine-grained recrystallized limestone
that locally contains slightly 1o moderately flattened
spheroidal carbonaceous and siliceous concretions
as much as 6 cm in diameter. Three less abundant
but localty conspicuous lithologies are also mapped
with this unit silvery-gray pyritic phyliite, rusty-
weathering phyllite or schist {passibly derived from
felsic or intermediate tuff) containing pyrite, quarz,
muscovite. mariposite(?). and calcite or dolomite:
and outcrops of massive to laminated gray marble
similar to that in the Permian marble unit (Pm).
About 4.5 km south of Coon Cave, concretions
from carbonacecus slate and hmestone contain
fossil bivalves and ammonites of latest Middle
Trassic (late Ladinian) age (Silbering and others.
1981, p. 118-119). Other (ossil remains include
locally abundant crinoid remnants (disks) in the
qray marble

Metamorphased sedimentary, volcanic, and intrusive

rocks (Mesozoic or Paleozoic)—Most of
Revillagigedo [sland and Cleveland Peninsula are
underlain by a complexly deformed and
metamorphosed assemblage of sedimentary rocks,
intermediate or mafic volcanic and volcaniclastic
rocks. and relabvely sparse intermediate or mafic
plutonic rocks. In most places. the rocks show
evidence of at least two stages of metamorphism:
an early regional metamorptusm that increases in
intenstty northward and eastward from greenschist
to amphibolite facies: and a later metamorphism
manifested by porphyroblastic minerals that replace
the older metamorphic minerals or that randomly
overprint the earlier foliation or schistasity. Some of
this later metamorphism occurs in thermal aureoles
surrounding the Cenozoic and some of the
Cretaceous plutons. Except for the hornfels zone in
the metamorphosed sedimentary rocks adjacent to
the Termuary gabbro body (Tgb) near Ketchikan,
these metamorphic aureoles are too small to show
on the map. Depending on the original
composition of the countty rocks, contact
metamorphic minerals in thermal aureoles include
biotite, andalusite, muscovite, gamet, staurolite,
amphibole, cordierite, sillimanite, wollastonite, and
diopside: these minerals suggest that the intensity
of thermal metamorphism varies from albite-
epidote homfels to pyroxene hormnfels facies
(Turner. 1981).

Other evidence of complex metamorphism
includes the widespread developmeri of feathery
or bowne-like pomphyroblastic aggregates of
actinolite, commonly in a matrix of muscovite and
gamet, that postdates an older foliaton or
schistosity. Herein informally called “feather schist™
or ‘“garbenschiefer,” (Tumer and Verhoogen,
1960, p. 649), this feature is widespread on
southern and southwestem Revillagigedo [sland,
where in places it is mamfested by sheaves of
actinolite crystals as fong as 2 m, almandine(?)
gamet euhedra as much as 2 em in diameter, and
coarsely crystalline muscovite. The age and origin
of this feather schist is unknown. Because we did
not observe the schist in the regonally
metamorphosed  amphibolite-facies  sedimentary
and volcanic rocks on Cleveland Peninsula and on
northern and eastern Revillagigedo Island, we think
that the feather schist (a) was destroyed by the

amphibolite-facies metamorphism there or (b) is
gradational with  the  amphibolite  facies
metamorphic rocks. Possibly the feather schist on
southwestem  Revillagigedo Island could be
compositionally controlled by rocks that do not
occur on northern and eastern Revillagigedo Island
or it may be the result of some process that
affected the rvocks on southwestem but not
northern or eastem Revillagigedo Island.

K-Ar age determinations have been made on
several minerals from the metasedimentary and
metavolcanic rocks in  this assemblage oa
Revillagigedo Island (table 1, Nos. 62—69), but no
systematic atternpt has been made w distinguish or
date individual metamorphic events Maxirmum
apparent ages ol minerals in the regionally
metamorphosed greenschist facies strata on central
and southern Revillagigedo Island are about 85 Ma
for biotite and 87 Ma for homblende. Maximum
apparent ages n the regionally memmorphased
amphibolite-facies swata on northemn Revillagigedo
[sland are about 96 Ma for biotite, 83 Ma for
harnblende. and 84 Ma for muscovite; maximum
age of these rocks on the eastern part of the istand
15 about S1 Ma for biotite and 74 Ma Ilor
homblende. Maximum apparent ages in feather
schist from the central part of the island are about
86 Ma for biotite and 93 Ma for homblende. The
age determinatfons show an increase in
discordance and decrease in maximum apparent
ages northward and eastward on Revillagigedo
Island. Because virtually all ages, however, fall in
the mid- to Late Cretaceous age range, we suggest
that much i npot most of this regional
metamorphism tock place in mid- to Late
Cretaceous time. The discordance and decrease in
maximum apparent ages northward and eastward
on Revillagigedo Island is a manifestation there of
a widespread regional disturbance to K-Ar systems
during Tertiary time (Smith and Diggles, 1981, p.
3). The cause of this disturbance is unknown, but
it has been attributed either 1o progressive regional
uplift and cooling (Hutchison, 1970) or to
widespread heating of enigmatic origin (Smith and
others, 1979).

Fossils have not been identified in the
metasedimentary and metavolcanic rocks mapped
with this assemblage. In this report, the strata are
assigned a premetamorphic age of late Paleozoic or
Mesozoic for four reasons. {1) Some of the
metaflysch  and  ferromagnesian-  porphyritic
metavolcanic rocks that crop out on Cleveland
Peninsula and southwestern Revillagigedo lsland
are similar in lithology. texture, and geologic setting
to faunally dated Jurassic and Cretaceous flysch
{KJgs) and volcanic rocks {KJgv) that crop out on
Gravina and Annette islands. The largest outerop
areas of the metaflysch and metavolcanic rocks are
on Cleveland Peninsula southwest of Helm Bay
and on Revillagigedo [sland from Mountain Point
1o Clover Passage. (2) On the west shore of upper
Thome Arm, the metavolcanic rocks appear to be
interlayered with Permian marble (Pm). {3) Feld
observations suggest that the metaconglomerate
mapped from Carrolt Inlet to Thome Arm is at least
structurally  conformable and possibly i
depositionally gradational with the Permian marble




unit and intertonguing basaltic metavolcanic rocks.
{4) Darkgray pyrite-rich graphile  marble
interbedded with metapelite near the sbandoned
cannery on the west shore af George Inlet is similar
in lthology and texture to some of the Middle
Tdassic marble and recrystallized carbonaceous
limestone (ks) that crops out south of Coon Cove
on the opposite shore on the inlet. A sample of the
recrystallized graphitic limestone was tested for
microlossits (conodonts) but was barren (Berg and
Cniz, 1982) The metamorphosed intrusive rocks
mapped with the assemblage are assigned a late
Paleczaic and Mesozoic emplacement age because
their compasitions, textures, and feld reladons
suggest that they may be cogenetic with some of
the metavolcanic rocks.

We have subdivided the assemblage inlo five
map units on the basis of their premetamorphi¢
lithology: metamorphosed sedimentary rocks and
minor intermediate and mafic metavolcanic and
voicaniclastic rocks (Mz£Pfrms):  metamorphosed
Intermediate and mafic volcanic and volaniclastic
rocks and minor sedimentary rocks (MFrmv):
polymictic metaconglomerate (MePrmic):
metamorphosed infrusive rocks (Mefimi); and
undivided metasnorphosed sedimentary, volcanic,
and intrusive rocks (MePru):

Metasedimentary rocks—This unit was derived from
peliic  and semipeliic flysch  gradationally
interbedded with relatively minor amounts of
andesitic or basaltic volcanic or volcaniclastic rocks.
On southwestern Revillagigedo [stand and on
Cleveland Peninsula south of Spacious Bay, the
prevailing lithology is dark-gray and silvery-gray
phylliite and fine-grained semischist; there ave
subordinate layers of green phyllite and semischist.
The gray phyllite and semischist contain quartz,
feldspar, and varying amounts of biofite. gamnet,
muscovite, pyrite, graphite, homblende or
actinolite, calcite, and chlorite. The miceceous
minerals commonly have two habits: as platy
crystals aligned parallel to schistosity, and 28
idloblasts {or chlorite pseudomorphs) as much as a
em long that intersect the foliation at all angles.
Thin sections of the green layers show fine-grained
schist containing homblende, subordinate quartz or
plagioclase, and minor to trace amounts of biotite,
pytte, gamet, and epidoteclinozojsite. In some
samples, homblende mefacrysis as long as 1 ¢m
crosseut the fofiation. The unit also contains minor
{eather schist, Bne-grained quartz-muscovite schist
possibly derved from quanzite or cher, and
phylliic polymictic grit and conglomerate that in
places contain relict clasts of leucacratic plutonic
vocks. locally oconspicuous layers of rusty-
weathering schist as thick as 2-3 m contain quanz,
plagioclase, caldte, biotie, muscovite, gamet,
epldotelinozoisite, chlorite, and pyrite. These
Iayars may be refict beds of calkareous falsic or
intermediate  metatuff or other vokanogenic
material. Locally the unit contains auriferous quarz
veins and disseminated and massive sulfide
deposits that have been prospected for gold, silver,
copper, lead, and zinc (Berg and others, 1981, p.
59-70).

On northem and eastern Revillagigedo fsland

and on Cleveland Peninsula from Spacious Bay to
the north, the unit s mainly rustyy-weathering
erystalline gneiss and schist consisting of alternate
loyers 1 em to 2 m thick of pedtic and
quarzofeldspathic rocks & also  contoins
subordinate  darkgray  gneiss,  dark-green
homblende-rich schist and gneiss, and minor
marble. Quarz veins and lenses as much as a
meter thick commoaly parallel the gneissic layering.
Thin-sections of the pelitic gneiss show svongly
schistose, granoblastic, and idioblastic texnures.
Typical specimens contain (a) quartz, plagioclsse,
biotite, gamet, and muscovite, (b) accessory
clinopyroxene, cakite. sphene, apatite, and pyrite,
angd {c) retrograde chlorite, epidote, and sercite.
Silimanite occurs mainly in a narrow zone adjacent
10 the quarz diorte batholith (Xq} on northem
Revillagigedo Island and neighborng Cleveland
Peninsula; kyanite and staurolite. occur in a zone at
least 2 km wide beyond the sillimanite zone. The
quaritzofeldspathic component of the gnelss (&
distinguished from the pefitic component by a
stronger granoblastic fabric and by more quartz
and plagioclase. The dark-gray gneiss is similar in
mineralogy and fabrc to the rusiy-westhering
pelitc gneiss but is distinguished from it by greater
abundance of homblende. The homblende-rich
gnelss is distinguished by contrasting aliemating
layers of dark-greenish-black hombiende-biotite-
quariz-plagioclase schist and light-gray quartz-
plagioclase schist,

Throughout the areal extent of this unit, the
metamorphic minerals and textures Indlcate
regional metamorphism that grades northward and
eastward from greenschist facies to amphibolite
foctes. On southwestern Revillagigedo Island and
agighboring Cleveland Peninsula the regional
metarnorphic fabric is locally gverprinted by tow-
pressure metamorphism fo pyroxene homiets
facies that occurs in intrusive aureoles. The largest
such aureole surrounds the Teriary gabbro pluton
near Ketchikan and is indicated by a stipple pattem
on the map. Composition of the aureole changes
gradationally from a zone of sillimanite-, cordierite-,
and staurofite-bearing homfels near the pluton to a
periphery that is indistinguishable from the
regionafly  metamorphosed  greenschim-facles
metasedimentary rocks.

The unit is intruded by diverse mapped plutons
and by numerous anmapped dikes and sills of
messive, moderately foliated, or {rarely} schistose,
locally gemet-bearing and feldspar-porphyritic
sphanite, aplite, pegmatite. and fine-gralned
grancdiorite.

The unit grades into metamorphosed volcanic
rocks (Mf¥mv) on southwestern Revillagigedo
{sland and neighboring Clevefand Peninsula whera
it has more green phyllite and semischist and on
northern and eastern Revillagigedo lsland &nd
nelghboring Cleveland Peninsula where it has
more hornblende-rich schist and gnelss

Metavolcanic rocks—This unit was derived primanly
from submarine andesitic or basaltic lava fiows,
wff, and aggiomerate and fom subordinate
gradationally intertonguing pelitic and semipelitic
fysch, On Cleveland Peninsulsa southwest of Helm




Bay and on southwestern Revillagigedo Island hom
Moutain  Point to Clover Passage, the
metavoleanic  rocks  are  distinguished by
conspicuous  relict  euhedral  ferromagnesian
phenocrysts  {now homblende or  aclinolite
pseudomorphs of clinapyroxene) as long as 2 cm.
Cutcrops of this porphyry renge from  thick,
massive-appearing layers or fenses of coarse,
blocky, derk-green breccia to light-green semischist
and thinly laminated and lineated very fissile
phyllite. Minerals identified in thin section indicate
regional metamorphlsm to greenschist facles and
typically include albile, quariz, chlorite, epidote.
actinolite, cakite, pyrite, and sphene.

Elsewhere on southwestern Revillagigedo lsiand
and on Clewgland Penlnsula northeast of Helm
Bay, the unit consists chiefty of dark-green, silvery-
green, and greenish-gray phylliite, semischist, and
schist, minor marble, and some gray phyllite and
semischist. In places along the shorelines of Carroll
Inlet, Thome Arm, and east Behm Canal, it
displays well-preserved pillow sbuctures and
related vokani-fragmentsl textures. Thin sections
show that the prewvailing lithology s fine-grained
schist containing varying amounts of blue-green
homblende and actinolite, albite, chlonte, quarz,
plagioclase, epidote, and pyrite. The amphibole
crystals occur both paralie! to the schistosity and as
poikiloblasic euhedra as tong as 1 cm that intersect
the foliatlon at all angles The gray phyliite is
Ithically ldentical to the prevailing rock Hype
described (n unit MPrms, The unit also contains
minor feather schist and fine-grained quartz-
muscovite schist, possibly denved from quartzite or
chert. Near the head of Thome Arm, quartz veins
and other lodes in the unit have been successfully
worked for gold and prospected for copper, lead,
zinc, and precious metals (Berg and others, 1981,
p. 53-70). On northem and eastern Revillagigedo
Island, the unit Is mainly dark green and dark gray
amphibolitic and subordinate quartzofeldspathic
schist and gnaiss, It also contains sparse Inyers of
marble and rusty-weathering pelitic  gneiss.
Petrographic studles of the amphibolite show
sirongly schistose and idioblastic textures. Typical
specimens contaln homblende, biotite, quarz, and
plagioclase and have accessory sphene, spatite,
potassium feldspar, and pyrite, and retrograde
chiorite and epidote. The quartzofeldspathic yocks
are distinguished by granobistic fabric and by more
quartz and plagloclase. The mineralogy and fabric
of this peliic gnelss are identical to those of the
petitic gneiss In unit MPems. The amphibolite is
chamacterzed by ublquitous veins and dikes as
much as several meters thick, of leucocratic quartz-
plagiodase-blotite-gamet pegmatte and apihe that
contrast stikingly with the dark hues of the
enclosing amphibolite. Locally, the leucocatic
rocks form spettscular swarms of randomly
oriented dikes that make up as much as half of the
outcrop.

The metamorphic minerals and textures in this
unit throughout its areal extent indicate regional
metamorphism  that grades northeastward from
greenschist facles 0 amphibolite facies. On
southwestem Revillagigedo Island and neighboring
Cleveland Peninsula, the regional metamorphic

fabric is locally overprinted in contact aureoles by
low-pressure metamorphism ta the homblende-
homtels facies. The only such aurecle shown on
the map surrounds the Tertiary gabbro nesr
Ketchikan and is indicated by a siipple pattem.
Contact minerals identfied in this aureole are listed
under urut Mrms.

The unit is ntruded by diverse mapped plutons
and by numerous unmapped dikes and sills of
massive to (rarely) schistose, locally gamet-bearing
and feldspar-porphyriic  aphanite, aplite, and
pegmalle and Bne-grained granodiorite.

The unit grades lthically imo metamorphosed
sedimentary rocks (MdPrms) on  southwestem
Revillagigado Island and nelghboring Cleveland
Peninsula where it has more gray phyllite and
semischist and on northem and aeastern
Revillagigedo Istand where it has more pelitic schist
and gnelss

Polymictic metaconglomerste—The mapped areas of

this unit are oo Revillagigedo Island between
Carroll fnlet snd Thome Arm, on and near Back
Island in Clover Passage, and near Lake Harriet
Hunt. and on Cleveland Peninsula on the
notthenst shore and adjacent islets of Helm Bay.
Between Camoll Intet and Thome Arm, the unit (s
characterized by prominent spheroidal to ellipsoidal
relict clasts of fine- to coarse-grained leucocratic
plutonic rocks a3 much as 20 cm In diameter.
Other relict clasts are mora strongly defoemed and
Include quartzite as well as phyllite 2nd semischist
derived from fine-gralned sedimentary and possibly
volcanic racks. Thin sections show that the matrix
i fine-grained schist containing quartz, plagloclase,
biotite,  epidote-clinozoisite, gamet,  calcite,
muscovite, and pyrite. Some of the biotite and
gamet crystals are pardy altered to chlorite. Some
chiofite  pseudomorphs  (of  biotite?} are
perpendicular  to foliason. Thin sections of
representative  plutonic  clasts show fine- to
medium-grained (relict) xenomorphic, granoblastic,
and interlacking masakes of quarz and plagiocisse
and minor biotite, muscovite, epldotetinozolsite,
calcite, chlorite, and gamet, Chemical analyses
{ZA. Hamiin, unpub. data, 1977), combined with
the petragraphic da@, suagest that these clasts are
probably metamomphosed  gondhjemite.  The
metaconglomerate accurs in layers as thick as 2 m.
It also containg thin layers of gray phyllite and
semischist containing relatively sparse pebbles of
leucocratic plutonic rocks. The unit grades
structurally upward into gray phyllite that containg
diminishing numbers of relict clasts and it grades
downward into intercalated green and gray phyilite
and semischist At Gnat Cove on Carmroll inlet, the
struciurally lowermost part of the unit contzins a
few lenses of brown-weathering marble.

At Back Island, metacongiomerate is interbedded
with flysch. i containg prominent refict rounded
clasts of recrystallized leucocratc plutonic rocks as
much as 25 cm in diameter, as well 2s smaller, less
prominent and more deformed ralict dasts of white
marble, dark-hued (ysch, and quartzite(?), The
matrin s pelitic phyllite and semischist similar to
that in the endlosing matasedimentary rocks.

In an outcrop of polymictc metacongiomerate
about 3 km southwest of Lake Harriet Hunt, about




10 percent of the rock consists of reliet clasts in a
matrix of pelitic schist containing quartz,
plagioclase, muscovite, biote, gamer?). and
chlorite(?). The refict clasts average about 5 cm in
maximum dimension. The most prominent relict
clasts are slightly flattened roundstones as much as
30 c¢cm in diameter of leucocratic plutonic rock
consisting of quartz, feldspar, and a small
percentage of dark, mainly micaceous minerals.
Less prominent are ellipsoidal and lernsoudal rehet
clasts, apparently orginally ol line-grained fekic
igneous or pehtic(?) sedimentary rocks. The most
sttenuated of these clasts are elongate lenses 15
cm long and 1 cm thick parallel to the schistosity
At Helm Bay, metamomphosed conglomerate
and grit layers as thick as 2 m are intercalated with
fiysch. The metaconglomerate is very hssile and
contains markedly flattened {paper-thin} to nearly
perfectly spheroidal relict clasts 5-6 em in
maximum dimension. Clast compositdons include
argillite or  metapelite  (most  flacened).
indeterminate fine-grained rocks, and medium- and
fine-grained silicic igneous rocks (least detormed).
The matrix of the metaconglomerate {s metapelite
Unmapped polymictic  roundstone meta-
conglomerate that contalns prominent relict clasts
of leucocratic igneous rocks occurs In a small
xenolith or roof pendant, accompanied by marble,
in Cretaceous grancdiorite (Kg) on the east shore
of Thome Arm about 5.8 km from Cone Point
Metaconglomerate is also associated with apparent
structurally intercalated marble (Pm),
metasedimentary  (MifFxms), and metavolcanic
{MePemv) rocks near Ape Point on the southeast
coast of Revillagigedo Island, where the
metaconglomerate also contains relict clasts of
marble (M_.L. Crawford, oral commun., 1982)
Metamorphosed infrusive rocks-—Mainly regionally
metamorphosed or otherwise recrystallized or
bltered diorite, quartz diorte, and gabbro. The
body at Smuggler's Cove (southeastern Cleveland
Peninsula)  consists of  dark-greenish-gray
hypidiomorphic-granular diorite and
ferromagnesian-porphyritic  diorite  containing
magmatic plagioclase, magmatc or secondary
homblende(?), and secondary epidote, chlorite,
and calcite. Rocks of the porphyritic phase closely
tesemble some of the encloing metavoleanic rocks
(MePomv). West of Pont Stewant  (Cleveland
Peninsula) a body of massive 1o [ollated
homblende-biotite diorite, quartz dlorite, and
gabbra coincides with & positve aevomagnetic
anomaly (U.S. Geological Survey, 1977). This
body may be a structurally detached fragment of a
Cretaceous 20ned ultramafic Intrusive complex
oear Union Bay, about 6 km beyond the west
boundary of Ketchikan quadrangle {Eberlein and
others, 1983, p. 4-5). Nonth of Coon Cove
(Revillagigedo Island, George Inlet), a pluton
mapped with this unit consists of fine-grained
diorite(?) that contains magmatic(?} quartz,
plagioclase, and biotite and has metamorphic
actinolite, chiorite. and ep!dote. Southwest of Lake
Grace, another pluton consists mainly of massive-
appearing  dark-greenish-gray  costse  schist
containing equant clumps of homblende as much

MePru

Pm

& 2 cm in diameter: the clumps are enclosed by
homblende-biotite-plagioclase~quartz  schist. The
bodies south of Neets Bay and nonh of Emma
Lake consist mainly of massive amphibolite
containing homblende, plagioclase. and vanable
amounts of blotite. garnet, pyrite, pyroxeng. and
quartz. Ouicrops of relatively unmetamorphosed
hornblende-plagioclase diorite and gabbro locally
oceur with the amphibolite. Field relalions suggest
that the plutonic rocks grade into the amphibolite
as the metamorphism increases. The intrusive body
near the mouth of Caroll Creek consists of
relatively massive mewadiorite(?) and fine-grained
hornblende-plagioclase schist probably derived
from it

Metamorphased sedimentary, volcanic. and
intrugive rocks, undivided—This unit consists
chiefly of phyllite, sermischist, and schist derived
from dlverse sedimentary, volcanic, and Intrusive
tocks. Because the unit 1s so heterogeneous, the
principal lithologies are listed, in approximate order
of decreasing abundance, {or each map area.

Point Alava area: muscovite-calcite {or dolomite)
schist: phylliye wltstone, mudstone, and graywacke:
massive blastomylonitic granodiorite: phyltitic to
schistose. intermediate or mafic volcanic or
volcaniclastic rocks; feather schist marble; and

clinopyroxenite,
Coastal area from southeast of Carroll Point to
Moth Bay: blastomylonitic granodlorite:

carbonaceous  metapelite  (argillite):  phyllitic
slltstone, mudstone, and graywacke; phyllitic to
schistose, inlgrmediate or mafic volkeanic and
volcaniclastie rocks, including pillow flows and flow
breccla: feather schist; granltic-clast
metaconglomerate; rusty- weathering pyrite-rich
lelsic aplite; and marble.

Bold and Round Islands: phyilitic slltstone,
graywacke, and @it laminated andesitic(?)
metatufl.  cataclastic  graywacke  semischist
calaclastic {blastomylonitic?) granodiorite: granitic-
clast metaconglomerate.

Eve Point area {Thome Arm): rusty-weathering
schistose calcareous metatuft or other voleanogenic
material; phyllitic 1o schistose siltstone, mudstone,
graywacke, and intermediate or mafic volcanic or
volcaniclastic rocks: massive to schistose, locally
garnet-bearing and feldspar-porphyritic aphanite,
aplite, and granodiorite sills and dikes; and
homblendite and pyroxenite.

Hump Island (Clover Passage): rocks assigned to
this unit are locally intensely iron stained and
bleached and in places contain disseminated pyrite,
chalcopyrite, and possibly other sulfide minerals.
Tentatively Identified bedded(?) rocks Include
hydrothermally altered feisic or Intermediate
metavoleanie, volcaniclastic. or other volcanogenic
rocks, and pelittc(?) metasedimentary rocks.
Intrusive rock types include (a) altered gamet-
bearing leucocrutic aplite and quartz diorite that
host at least some of the disseminated sulfide
minerals and (b) homblende porphyry,
homblendite, and andesite{?) dikes that apparently
postdate the hydrothermal alteration

Marble (Permian)—Most of this unit Is light-brown-

weathering, massive to laminated, light-gray,



blulsh-gray, and dark gray marble. Less abundant,
bul locally conspicuous other lithologies mapped
with it include (a) dark-green, dark-gray, of rusty-
weathering  pyritic  phyllite and semischist, (b)
polymictic sedimentary breccia or conglomerate
containing relict angular to subrounded clasts of
basal, marble, and felsic(?) metaruff as much as a
meter long in a matrix of green metatull and dark-
gray  argilite, ()  schistose  [ragmental
{voleaniclastic?) rock comprising elongate. strongly
flattened refict clasts as much as several em long of
quarzile or felsic(?) metavokanic rocks enclosed
by rusty-weathering. fine-grained, pynte-quartz-
muscouite-mariposite(?)-calcite or -dolomite schist,
and (d) greenish-black basalt dikes and sills, Thin
sections of the marble rypically show sugary o
cosrsely gamoblastic aggregates of calcite or
dolomite and minor quartz, muscovite. graphite,
and pyrite. Near the contacts of some plutons, the
marble also contains wollastonite. diopside, and
gameat. Black crinoidal marble intercalated with
phyllite about 0.5 km south ol Coon Cove containg
conodonts and brachiopods of late Early Permian
{Leonardian) age (Silberling and others, 1981, p.
118). Other fossil remains in the marble include
numerous occurrences of locally abundani cnnoid
fragments (disks) of uncertain, but probably lare
Paleozoke, age {Berg and Cruz, 1982)

Extrusive. Intrusive, and sedimentary rocks,

undlvided (Silurian or Ordovician)—Rocks
assigned to this unit, shown on the map sheet only
near Caamano Point on southern Cleveland
Peninsuln, are more highly deformed or
recrystallized comelatives of those in unit SQu in
the Prdnce of Wales-Gravina-Annefte-Mary-Duke
lslands area (Saleeby and Gehrels, 1985. Rubin
and Saleeby, 1987), which are described above, A
single outcrop area of marble (m) is large enough
to show on the map sheet It consists of tan-
weathering, sugary, white calcite and dolomite,
intercalated with subordinate green metavolcanic
and gray metasedimentary phylfite and schist. This
outcrop area is about 2 km from an occurence of
marble too small 1o show on the map that is host
o shbnite (antimony)-bearing veins (Berg and
others, 1981, p. 62)

PORTLAND PENINSULA
Westerm and southwestern area

Trondhjemitic pegmatite (Terttary or Cretaceous)—

This unit consists chiefly of pegmatite that contains
about 70 percent sodic plagioclase, 25 percent
quartz, angd accessory to minor biotite, homblende.
and potassium feldspar. Some of the plagioclase.
biotte. and quartz crystals are as long as 10 cm,
QOurcrops typically show layers of coarse- and hne-
grained pegmatte that akernate with schlieren and
screens of amphibolite. The unit is always adjacent
to or enclosed by amphibolite (Mdra}.

We Infer a Cretaceous or Tertiary emplacement
age for these pegmatite bodies from their field
octurtences and petrography and from available
local and regional isotopic age da. A K-Ar age
determination on biotite from the body on the east
coast of Behm Canal, about 5 km north of the
mouth of Smeaton Bay, gave an apparent age of
about 46 Ma (table 1, WNo. 39). The absence of
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foliation or other evidence of significant penetrative
delormation in the pegmatite indicates that it was
emplaced dunng or after the waning siages of the
mid- or Late Cretaceous regional metamorphism
that apparently alfected most of the rocks in the
Ketchikan and Prince Rupert quadrangles (see ihis
repon, discussion under Revillagigedo Island and
Cleveland Peninsula: “Metamorphosed  sed)-
mentary, volcanic. and intrusive rocks {Mesozolc or
Paleozoic)™; Smith and Diggles, 198). p. 2). These
relations suggest emplacement posslbly as long age
as the Late Cretaceous but before about 46 Ma

Granodiorite and quartz dlorite (Cretaceovs)—A

stock near Point Sykes consials of massive to
weakly foliated, medium.grained, magratic-
epidote-beanng  homblende-biotite  granodiorite
and quartz diorite. Mild deutedc(?) alteraton
includes f{eldspathized joinls, disseminaied pyrtte,
sericitized plagioclase, and partial recryswalilzation of
mafic minerals to chlotite, epldote. and iron oxides.
The pluton intudes the surmounding metamerphic
rocks with a sharp contact. Dikes of granodiorite
extend into the country rock, and the pluton is
surrounded by a contact matamorphic (hornlels)
aureole several hundred meters wide. The pluton Is
assigned a Late Cretaceous emplacernient age
because of discordant K-Ar age determinations of
about 59 Ma for bivtte and about 80 Ma for
homblende (table 1, No. 53) and becaute ol hs
intrusion into, and contact metamorphism of, rocks
that were probably regionally metamorphosed in
late Mesozoic ime (see this repont. discussion
under Revillagigedo Istand aré Cleveland
Peninsula: “Metamorphosed sedtmentary, voleanic,
and infrusive rocks (Mesczolc or Paleozoi¢)™; Smith
and Diadles. 1981, p. 2}. Two stocklike plutons of
massive or slightly {oliated leucacratic granodiorite
about 8 km east of the mouth ol Boca de Quadra
are here provisionalty correlated with the pluton at
Point Sykes on the basis of simifarities (n ithology,
texture, and geologic setting

Uhramafic rocks (Cretaceous)—~The only occurrence

of ultramafic rocks large enough to show on the
map in this area is at Humpy Point. Severa) small,
unmapped ultramafic bodles crop out along the
east shore of Behm Cana! south of Smeaton Bay.
At Humpy Point. medium- {6 very coarse-grained
biotite chinopyroxenite and subordinate
homblendite intrude undated gabbro (unmapped)
and Siurian metamorphosed trondhjemite (Smt)
with sharp contacts and no appéarent thermal
eflects. In most cutcraps, the oltramafic rocks are
massive and apparendy not follated: In places,
however, they contain abundant secondary
chlorite. On the basis of simllarities in Hihology,
texture, and geologic setting, this ultramafic
intrusive body is comrelated with the isotopically
dated Cretaceous witramafic pluton at Alava Bay

Amphibolite (Mesozaic or Pualeozokc)—A lnear

outcrop bekt of distinctive dark-greenish-black
amphibolite as much as 5 km wide crops out from
near the mouth of Rudyerd Bay to the boundary
of Alaska and Canada (Berg and others, 1977, p.
13-14). The amphibolite locally is spectaculary
streaked with strongly contrasting dikes, veins, and
lenses of white trondhjemite pegmatite (TKp) and
other leucocratic intrusive vocks. Beyond the




boundary, the wounit continves (n outcrop
southeastward across Slidan Passage and inlo
British Columbia, where it ts mapped as the Work
Channd Amphibolite (Hutchison, 1982, p. 11-14),

The unit commonly is strongly banded and
consists of layers of greehish-black schist and gneiss
thal coatrast stkingly with alrernating layers of
light-gray gneiss. The thickness of the layering
varles but averages about 10 ¢m. Local variation in
mefic and fefsic mineral content results in outcrops
that vary from neatly pure homblende schist or
homblende-biotite schist 10 relatively uniform datk-
gray gneiss contdining approximately equal
amounts ol mafic and lelsic minerals. The unit also
contains minor amounts of marble, pelitic gneiss.
and plagioclase-quartz-(biote-gamet) aplite dikes.
Some of the marble layers and many ol the dikes
are several meters thick

Thin sections of typical samples of amphibolite
show fine-to medium-grained granoblastic and
schistose textures; the composition averages about
45 percent plagioclase feldspar (ollgoclase and
andesine), 30 percent homblende, 15 percent
biotte. S percent quantz, and 5 percent accessory
minerals including apatite, clinopyroxene. gamet,
magnetite, pyrite, and sphene, Retrograde minerals
include small amounts of chiortte and epidote.

This amphibolite I8 Identical in lithology and
lexture to  the regionally metarnorphosed
amphibolite-facies voleanic or voleaniclastic rocks
(MPrmv) that crop out on eastiem Revillagigedo
fsland  Although the map shows thin and
discontinuous outerops of the amphibolite along
the east coast of Behm Canal nonh of Rudyerd
Bay. the main outcrop belt of amphibolite appears
to strika across Bebm Canal at about the latitude of
Rudyerd Bay, toward the amphibolite on easterm
Revifiagigedo island. On the basis of this assumed
contdnuity, the amphibolite on Portland Peninsufa
Is also assigned a premetamorphic age of lare
Paleczok or Mesozok, The relative proportions of
metamorphosed stratified rocks and of presumably
younger plutonic rocks (n this map unit are
unknown.

K-Ar age determinations on metamorphic
winerals from the amphibolite unit show apparent
2ges ranging from about 47-51 Ma for blotite and
about 5058 Ma [or homblende (table 1, Nos. 73~
75). These ages probably reflect the widespread
disturbance to K-Ar systerns that alfected most of
the rocks on the Portand peninsula in middle
Cenozoic time (Smith and Diggles, 1981, p. 3).

Field relations suggest gradational metamorphic
and possibly compositional relations between the
amphibolite unit and undivided bedded and
intrusive rocks (MeFeu) on the west and between it
and peliic peregneiss (Mfipl foliated quart
diorite (TKfq), and loltated granodiarite (TKig) on
the east

Metamorphosed sedimentary, volcsnic. and intrusive

rocks. undivided (Mesozolc or Paleozokc)—This
map unit comprses a heterogeneous. complexly
deftormed assemblage of originally diverse bedded
and infrusive rocks that have been regionaily
metamorphosed to  greenschist and  possibly
amphibolite facles and locally remetamorphosed
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during empiacement of some plutons. Most of the
rocks in the dssemblage are green or sitvery-gray
schists that, depending on ornginal composition and
proximity to plutons, conlain varying proportions of
quarz, plagioclase, chlorite, epidote-clinozoisite,
biotite, muscovite, actinalite oc homblende, gamet,
kyanite, angd calcite. Locally prominent rock types
also include feather schist, rusty-weathering quartz-
muscovite schist possibly derived from (elsic
volcanic  or vokanic-related rocks, quartzite,
ullramafic rocks. marble, and sheared intrusive
rocks apparently originally granodjorite.
trondhjemnite. quartz diorite, and diorite. Outcrop
areas of marble {m} large enough to show on the
map are present locally. The marble appears
massive o platy, is white, gray, and bluish gray.
and weathers fight brown. h consists of a sugary to
coarse-grained aggregate of calcite or dolomite and
has subordinale to minor amounts of muscovite,
phlogopite, quariz, graphite, gamet. and pyrite.
Although we were not able to subdivide this
assernblage on Portland peninsula, its lithology and
structural and metamorphic features apparently are
identical with those of most of the metamorphosed
bedded and intrusive rocks (MPaL,- MzPrms,
MFPimyv, MPMiI) mapped on  southem
Revillagigedo fsland A few objecs doubtully
identified as trinoid remnants {disks) that occur In
the marble {(m) at Very Inlet (Berg and Cruz, 1982)
suggest possible comelaion with the Pamian
crinoidal marble on Revillagigedo Island.

K-Ar determinations on metamorphic minerals in
two samples of schistose bedded rocks from this
unit show apparen! ages ranging from about 47 to
69 Ma for biotite, and 61 to 77 Ma for homblende
{table 1, Nos. 70-72); actinolite from a sheared
and recrystallized mafic dike gave an apparent age
of about 8 Ma (No. 72). Regional geoclogic
relations suggest that at least some of the rocks
have undergone (a) the mid- or Late Cretacgous
regional memmorphism that apparently affected
most of the rocks in the study area (this report,
discussion under Revillagigedo Island snd
Cleveland Peninsula arear “‘Metamorphosed
sedimentary, volcanic, and intusive rmocks
(Mesozoic or Paleazoic}”; Smith and Diggles, 1981,
p. 2), {b) thetmal metamorphism related to the
emplacement of the Cretaceous granodiorite (Kgq)
stock near Point Sykes, and (c) the widespread
disturbance to K-Ar systemns in rocks older than 40
Ma that affected most of Porfland peninsula in
middle Cenozoic time (Smith and Diggles, 1581, p.
3). Quartz velns and lerses In the green or gray
schist have been prospected for gold, and the
rusty-weathering schist locally contains deposits of
disserninated and massive sulfides that have been
prospected for gold, silver, copper, and zinc (Berg
and others, 1981. p. 66)

Metamorphosed rondbjemite (Silurian)—The Cape

Fox pluton (Koch and others, 1977) is an elongate
© km x 23 km) stock of regonally
metamorphosed trondhjemite expased at the
southwest tip of Portland peninsula. The pluton
onginally aystalized as leucocratic coarse-grained
hypidiomorphic-granular trondhjemite.  Extensive
recrystallization has reduced almost all the primary




bictite to chlorite. Mast ouicrops conain abundani
metamorphic epidote. Pervasive fracturing and
shearing increase outward from the core of the
pluton. Parts of the pluton, especially towerd the
north, have been reduced to quaraofeldspathic
semischist and schist that are difficult to disdnguish
from the endlosing schistose country 1ock At l¢ast
some of the metamormphism probably coincided
with the regional metamorphism that apparently
alfected most of the racks in nexghboring areas in

mid- or Late Cretaceous fime (this repon.
discussion under Revillagigedo Island  and
Cleveland Peninsula:  “Metamorphiosed  sedi-

mentary, volcanic, and intrusive rocks (Mesozoc or
Paleozoic)”). The pluton is assigned & Siluran
emplacemnent age on the basis of a preliminary Pb.
U (zircon) age datermination ol about 428 Ma
{tsble 1, No. 83)

Extrusive, Intrusive, and sedimemary rocks,
urdivided {Stlurlan or Ordoviclan)—Rocks
assigned to this unit are here interpreted as the
more highly deformed or recrystallized corvelatives
of those in unit SOu in the Prince of Wales.
Gravina-Annette-Mary-Duke islands area. which
are described above

SQu

Central and eastern area

Four stocklike plutons (Tgm, Tgb, Tgp). aligned along a
nearly linear eastward wend in central Portland peninsula.
wield radiometric ages ranging from late Oligocene to middle
Miocene. Despite their nearcontemporaneity and celatve
proximity, the plutons differ markedly in composition and
textura. The stocks intrude vanous metamorphic and plulonic
rocks with minor contact effects, and are cut by amprophyre
dikes (Smith, 1973) that are too smal!l to show on our map:

Tam  Blotite quartz monzonite {Tertiary)—This pluton
consisis of massive, medium- to coarse-grained,
hypidiomorphic granutar, locally miarolide quarnz
manzonite that contains spase phenocryss of
pale-pink potassium feldspar as long 3s 1.5 ¢m.
Thin-section examination of typical samples shows
{a) subhedral to euhedral crystals of rwinned and
concenrically zoned plagicclase whose cores
commonly contain minute grains of epidote. white
mica, and opaque minerals, (b) interstinal quartz
and discrete anhedral crystals of quarz. (¢) as
much as 7 percent of subhedral to euhedral brown
biotite. (d) a percent or two ol euhedral green
homblende. and (e) traces of sphene. Some of the
mafic minerals are altered ta chlorite We assign
this pluton an Oligocene or Miocene emplacement
age on the basis of K-Ar age determinations of
22.9 Ma for biotite and 26.8 Ma for homblende.
and on Pb-U (zircon) age determinations of about
19 Ma (table 1, No. 6)

Gabbro (Tertiary)—This roughly circular stock conslsts
chiefly of uniform, predominantly subophie Ane-
greined gabbro containing labradorite and later
oligaclase, augite, biotite. hypersthene. green snd
broun homblende, magnetite. apatite, and locally
oliving. Field and thin-section studies suggest that
the stock may be concentrically 2oned (Berg and
others. 1977, p. 24-25). Except for minor
granulation and for slight alteration ol mafic
minerals 1o chiorite, prehnite(?), and bastite
serpentine, the gabbro is undeformed and fresh.
We assign the pluton an emplacement age ol

Tgb

23

Ofigocene or Miocene on the basis of a K-Ar age
determination on bioiite of 23.8 Ma (table 1, No.
4)

Granite and granite porphyry (Terttary}—This unit
{Eliott and others. 1976, p. 9-11: Hudson and
others, 1979) consists of two roughly oval
composite felsic stocks and a8 suite of relaled
quartz- and (eldspar-pomhyribe felsic dikes thal are
too small show on the map. The dlkes occur n a
belt S km wide that extends east-northeastward at
least 20 km from Wilson Amn (0 and beyond (he
stocks. The stocks contain several texlural varieties
of biotite granite and granite porphyry. and they
show no evidence of regional penetrative
deformarion. Typical samples of the granite consist
ol light-gray, fine- 1w  medlum-grained,
hypidiomorphic granular biodie granite containing
scattered phenocrysts up to } ¢m long of pinkish-
gray perthite and subhedral to euhedral gray
quartz. ln general. the porphyry consists of (elsic
aplite that contains sparse to abundant euhedral
phenocrysts as long as 1 cm of brown biotte, sodic
plagioclase, perthite. and quertz. Some of the
porphyry contains quartz-, mus¢ovite-. and pyrite-
lned miarokitic cavities as much as 2 mm in
diameter. Much of the granite and porphyry in the
smaller stock is intensely argillized and silicified and
cut by networks of thin quanz-molybdenite vens
and molybdenile-coated fractures. This porphyry
molybdenum deposit was belng developed (in
1987} by prwate interests. We assign this unil an
Oligecene emplacement age on the basis of K-Ar
age determinations on biotite ranging from 26.9 to
30.4 Ma {table 1, Nos. 8, 9). and a Po-U (drcon)
age determination of 31 Ma (table 1, unnumbered
sample). The contacts between the stocks and the
country rocks of paragneiss (Mfxp) and gnelssic
grancdiorite (TKfg) are locally marked by narow
thermal aureoles

Tap

Three phaonic rock onits (Tgg, Tdr, Tg) of up to
batholithic dimensions have isotopically determined or inferred
Eocene emplacement ages. Two of them are on eastern Pordand
peninsula, and continue eastward beyond Porland Canal into
British Columbia (Hutchison, 1982). The plutons are complexly
jainted ang locally cut by faults and shear zones, dut they show
no evidence of penegative deformation or regional
raagtamorphism. They range in texture from massive to follated or
even locally gneissic. Some of these planar and linear textures
may be the result of local deformation, but we interpret them to
be due mainly to alignment of malfic inclustons and minerals
during emplacement of the plutons or o paral assimilation of
more foliated or gneissic country rocks. All of the plutons are
intruded by numerous lamprophyre dikes too small to show on
the map:

Tga Granodiorite and quartz monzonie (Tertlary)—As
mapped, this unit includes the betbolith composed
of the Hyder Quartz Monzonite (Buddington,
1929, p. 29-32; Smith, 1977, p. 32-37) and
correfative plutons (Berg and others, 1977, p. 22-
23) that occur in north-centrat and northeastem
Portland peninsula, and a stock at Fizgibbon Cove
on the west coast of northarnmost Portland
peninsula. The stock at Fitzgibbon Cove is the only
{inferred) Eocene pluton mapped on the western
part of the peninsula, The Hyder Quarz Monzonite
and its correlatives on northeastem Portland



peninsula consist mainty of massive lo weakly
{oliated granodlorite and Quarz monzonite; the
map unit also encompasses ovlcrops of paragneiss,
dikes, and other intrusive rocks too small to show
on the map. Typical specimeéns of the Hyder
Quartz Monzonite are medium grained and
hypidiomorphic granular. and their average mineral
composition is plagioclase (45 percent), potassiom
feldspar (23 percent}, quart {22 pereent), biotite (6
percent), and homblende (4 percent): the most
prominent accessory minera) s sphene, which
occurs as gotden-yeliow evhedra a3 large as 5 mm.
Outcrops of the Hyder Quamz Monzonite
commanly contain aplite and felsic pegmatite dikes.
The Eocene emplacement aga of the Hyder Quartz
Monzonite is based on concordant homblende and
blotite K-Ar dates of about 50 Ma (table 1, Nos.
10-13). The contects of the Hyder Quaz
Monzosite with most other map units generally are
sharp and free of significant thermal or other
contact effects. fts contact with foliated granodiorite
of unit TKfg, however, is locally difficult to map
because of compositional and textural similiaribes
between the two units.

The stock at Fizgibbon Cove consists of fine- to
medium-grained leucocratic  biotite-homblende
granodiorite and minor quarz monzonite It
typically is hypidiomarphic granular but locally
contains a few percent of euhedrsl potassium
feldspar phenacrysts as long as about 1 cm.
Accessory minerals indude sphene, zlrcon, apatite,
magnetite, pyrite, and allanite. Qutcrops generally
appear massive and of uniform composition. Small
inclusions of fine-grained mafic rock occur near
some contacts, and locally well-developed
compositional layering and cross laminations
suggest seting and flow of makic and other crystals
befare solidification of the magma. The stock
Intrudes several metamorphle and platonic rocks,
including Late Cretacecus or Paleocens lolaled
quartz dlotite (TKfq). We inler an Eocene
gmplacement age because this body closely
resembles the Hyder Quarz Monzonite in
composttion and texture and because i Jacks any
of the distinctive features (such as miaroliic or
strongly porphyritic textures) of the Oligocene or
Miocene felsic plutons. Intrustve contacts of the
stock with other units generally are sharp and free
of significant thermal or other contact effects

Davis River pluton (Tertiary)}—This pluton consists of

porphyritic coarse-grained homogeneous biolite-
homblende grancdiorite that locally grades into
quartz diorite and quariz monzonite {Smith, 1977,
p. 28-32). It typically contains about 5 percent of
euhedral phenocrysts of potassium (eldspar as large
as 5 cm. The texture of the groundmass is
hypidiomarphic granular, and the mafic minerals
are interstitial to and finer grained than the felsic
minerals. Approximate average compositon ol the
pluton is plagioclase (50 percent), quartz (25
percent), potassium feldspar (15 percent), and
maflc minerals (10 percent). The Daviz River
pluton ingudes sgveral plutonic and metamorphic
rocks without significant contact effects and ls in
tum inmmuded by the Hyder Quarz Monzonite. The
Eocene emplacement age of the Davis River pluton
{8 based on K-Ar age determinations on biotite
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ranging from 43.0 to 46.8 Ma, and on homblende
ranging ttom 48.9 to 55.0 Ma (table 1, Nos 14~
17)

Granodlorite (Tertlary)—This pluton consists mainly of

weakly foliated to massive, medium-grined
hornblende-blotite  granodiorite, and locally of
follated and gneissic granodiorite. Qur  [leld
examinations of this pluton suggest that hs inland
outcrops are more massive appearing and Jess
gneissic than its exposures along Portlsnd Canal.
This apparent difference may be due to differences
In weathering and erosion or to differences in
composidon and texture within the pluton.
Follation, whare present, is expressed by layers that
have different total mafic contents and by sparse
schileren. Mafic minerals generally make up 15 to
25 percent of this pluton. Homblende s
predominant in its southemn part: biotite generally
equals or [ocally exceeds hornblende in most of its
northern part. Euhedral phenocrysts of potassium
leldspar as large as 2 cm are present in many areas
but are rarely abundant The pluton intrudes
paragneiss (MPrp) and js intuded by Eocene
granodiorite and quartz monzonite (Tgq). 3t also
intrudes foliated granodiorite of unit TKfg, but this
contact tocally 1s difficult to map because these two
unlts are similer in composition and texture. The
pluton Is assigned an Eacene emplacement age on
the basis of K-Ar age determinations of 43.1 and
45.0 Ma for biotite and of 45.6 and 51.5 Ma for
homblende {table 1, Nos. 18-19). {f this pluton
continugs in outcrop eastward across Portland
Canat into Bridsh Columbia, it may correlate In
part with the Ponder pluton (Hutchison, 1982)

Follated quartz dlorite (Tertfary or Cretaceous)—

Stocklike and elongate plutons of quariz diorite,
locally accompenied by minor amounts of other
rocks, form a discontinuous bek about 10 km wide
along and near east Behm Canal Scattered
oullylng bodies 15 to 25 km from the canal are
aligned roughly paraliel to the main belt {Berg and
others, 1977, p. 18-19}. Abaut 60 percent of the
unit is dark-gray-weathering, uniformly {ollated to
gnalssic quarky diorite; the rest consists of
paragneiss (21 percent), granodiorite {11 percent),
and subordinate migmatite, amphibolite, pegmatite,
and quarz monzonite. The gquarz diorite
commonly 1s at Jeast weakly follated. Planar fabric
vares from a faint alignment of mafic minerals to
marked gnelssic banding. The general trend of this
gneissic structure is shown on the map by a dashed
pattern. This {oliation generally strikes north or
northwest, paraliel to the regional outcrop trend
and to the (nternal stuchwe of the adjoining
metamorphosed bedded (MePip, Mfial and
intrusive (TKfg) rocks. Thin sections of typical
samples of quartz diorte show medium-grained,
granular to planar aggregates of andesine (54
percent), quartz (18 perceny) hombdlende {13
percent}, blotte {12 percent), and accessory
apatite, augite, gamet, magnetite, muscovite,
potassium (eldspar, and sphene. Small amounts of
epidote, chlorite, and saussurite record sight, but
widespread postemplacement afteration. Much of
the unit also shows cataclastic texiures such as
undulatory querz and incipient granulation along
grain boundanes. The mineralogy and texiure
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indicate that the planar (sbnic probably resulted
mainly  from  mineral  alignment  durng
emplacement of the plutons, whereas the inciplernt
cataclasis and generally concordant structural
relations suggest that their emplacement took place
during the waning stages ol regional deformaton,
Conmcts beween the quartz diorite plutons and
the paragneiss (Md&%p) and foliated grancdiorite
{TKfg) units are largely inferred from the regional
distribution of the major rock types. The uni |s
intruded by Oligocene or Miocene gabbro and by
{inferred) Eocene quartz monzonite.

The unit is assigned an emplacement age of Late
Cretaceous or Paleocene on the basis of Pb.U
{zircon) age determinations of about 55 Ma (table
1, Nos. 22, 23) and 58 Ma (G.E. Gehrels, oral
commun., 1983} for samples collected on Portland
peninsula, and of about 64—67 Ma in comrrelative
rocks near Juneau (Gehrels and athers, 1983a).

K-Ar radiometric studles on samples of quartz
diorite frm Portland peninsula show apparent ages
of 45.6-47.5 Ma lor biolite and 47.6-55.7 Ma for
hornblende (table 1, Nos. 20, 21, 23, 24). These
dara probably reflect an event that stongly
disturbed K-Ar systems In rocks older than 40 Ma
throughout much of the study area (this report.
discussion  under Revillagigedo [sland  and
Cleveland Peninsula:  “Metamorphosed  sedi-
mentary, volcanic. and intrusive rocks (Mesozoic ar
Paleazoic)™; Smith and Diggles, 1981, p. 3).

The quartz diorite pluton at the south end of
Portland pentnsula conlinues in ouicrop southward
across Pearse Canal into British Columbia, where it
is mapped as the Quottoon pluton (Huichison,
1982)

Foliated granodiorite (Tertiary or Cretaceous}—This

unit (Berg and others. 1977, p. 19-22) 15 an
assemblage mostly of metamorphosed plutonic
rocks that we were unable to subdivide during our
largely reconnaissance-scale geologic investigatons
of Portland peninsula. More detailed mapping, tor
example, probably would reveal several distinct
plutons, possibly of different emplacement ages. As
mapped, the unit consists mostly of foliated and
gnelssic granodiorite, but It also contains a wide
variety of other rock types. Based on samples
collected, the ualt consists mainly of granodiorite
{51 percent), quartz monzonite (14 percent), and
quarz diorite (13 percent), but locally includes
such nonintrusive components as hornfels. marble,
paragneiss, and gneiss of undetermined origin (18
percent), About 2 percent of the unit is migmatie,
the most prominent outcrop areas of which are
shown by a pattem on the map. The remaining 2
percent Includes aplite, diorite,  granite.
hornblendite, lamprophyre. and one occumrence of
pyroxenite. The average of 50 modal {point count)
analyses of medium-grained foliated and gneissic
granadianite typical of the unit shows 50 percent
plagioclase {oligocene and andesing), 20 percent
quarz, 15 percent potassium feldspar, 8 percent
homblende, and 7 percent biotite, The rock
commonly also contains less than one percent of
one or more of the accessory minerals apatite.
gamet, muscovite, pyrite, and sphene. Widespread
incipient retrograde metamorphism has produced

traces of albite(?), chlorite, epidote, and sericite

Much of the grancdiorite is distinguished by
euhedral ¢rystals of potassium feldspar as long as
2.5 e, The crystals contrast markedly in size with
the other minerals, and they weather in relfef,

The contacts between the foliated granodiorite
unit and adjacent units are drawn mainly on the
basis of the regional distribution of the major rock
types. The regional map patterns and local contact
relations show that the unit is intruded by the
Eocene (Tgq. Tdr, Tg) as welt as the Oligocene
(Tap) and Oligocene or Miocene {Tgb) plulons.
and that it may locally be gradational with the
paragnelss (MiPp), foliated quarz diorite (TKig),
and folfated quartz monzonite (Kfg) units. Geologic
relations also indicate that it underlies most of the
paragnelss unit on central Portland peninsula.

The Cretaceous or Tertiaty age assignment of
this unit reflects our concept of it as an assemblage
primarly of metamorphosed plutonic  rocks
possibly having mare than one emplacement age.
This asstgned range of possible emplacement ages
is based partly on a preliminary Pb-U (drcon} age
determination of about 140 Ma (Eady Cretaceous)
{table 1, No. 38) on a sample of plutonic rock in
the Boca de Quadra area and partly on the
likelihood that it contains unmapped intrusive rocks
correlative with, but ndistinguishable from, the
Cretaceous lollated quarz monzonite and
granodiorite {Kfg) and Cretaceous or Tertary
fobated quartz diorite {TKfq) units. The unit may
also encompass unmapped outcrops of Eocene or
younger plutonic rocks or of varlous metamor-
phosed bedded rocks.

Numerous samples of follated plutonic rocks
from the unit yield K-Ar apparent ages ranging
from about 43 to 50 Ma for biotite and 48 to 59
Ma for homblende (table 1, Nos. 26-37). Some of
thesa ages may date the emplacement of part of
ihe unit, but they most probably reflect the event
that strongly disturbed K-Ar systems in rocks older
than 40 Ma In the study area (this report,
discussion under Revillagigedo Island amrd
Cleveland Peninsula: "Metamorphosed sedimen-
tary, volcanic, and intrusive rocks {Mesozoic or
Paleozoic)™;, Smith and Diggles, 1981, p. 3).

Follated quartz monzonite and granodiorite

{Cretaceous)—This heterogeneous platon consists
chiefly of foliated leucocratic quariz monzonite and
granodiorite, but it also Includes significant
amounts of granodiorite and quartz monzonite
gneiss, and migmatite. The pluton is characterized
by large changes in texture and compasiion over
short distances. Schileren are common throughout,
and layered xenoliths of amphibolite and
paragneiss are present in many areas. Foliation in
the plutonic rocks is defined by layers of different
grain size and mafic mineraf content. Mafic
minerals generally make up less than 20 percent of
the pluton: fine-grained biotite is mare abundant
than homblende in iis southern part; homblende is
more common in the north, The pluton intrudes
paragneiss (MFp) and in tum is inouded by
Eocene plutons (Tdr, Tg) lts contact with the
{ollated granodiorite unit {TXfg) I3 difficult to map
phyliite, and fine-grained recrystallized limestone




because of similarities in composition and textures
between these two vnits. The pluton is assigned a
Crataceous emplacement age based on preliminary
Pb.U (zircon} age determinations of 99 and 116
Ma (table 1, No. 54). K-Ar apparent ages of 41.2
Ma on biotite, and 5t.2 Ma on hornblende
probably reflect an event that swongly disturbed K-
Ar systems In rocks older than 40 Ma throughout
much of the study area (this report. discussion
under Revillagigedo Island and  Cleveland
Peninsula: "“Metamorphosed sedimentary. voleanic.
and intrusive rocks (Mesozoic or Paleozoici™ Smith
and Diggles. 1981, p. 3)

Peragnelss (Mesozoic or Paleozoic}—This unit (Berg

and others, 1977, p. 12-13) is characterized by
rusty-brown-weathering  pelitic  paragneiss  and
schist containing conspicuous rootbeer-brawn
biotte and by subordinate quarzofeldspathic
gneiss distinguished mainly by its light color and
low coment of mahc minerals.. Such rocks make
up about 66 pereent of the unit The remander.
based on the number of samples of different rock
types collected. includes migmatite (16 percent).
gneissic plutonic rocks (7 percent), marble and
calcsillicate gnelss (4 percent), pegmatite (3
percent), quartzite (2 percent). amphibglite (1
percent), and aplita {1 percent). A single rock type
may underlie wide areas. or several different rock
lypes may be Interdayered across a short distance:
the latter probably represents a fragment of
premeatamorphi¢ stratigraphy The unit has been
complexly folded and was probably recrystalhzed
mote than once. More than one set of mesoscopic
structures [s present at most outcrops.

The paragnelss typically consists of alternating
light-gray, dark-gray, or medium-brown layers,
averaging 1-10 om in thickness and containing
sbout 5O percent oligoclase and andesine, 25
percent quarz, and 15 percent biotite Up to about
10 percent accessory minerals include potassium
{eldspar. garnet, silimanite. and muscowte. The
paragneiss commonty also contans traces of one or
more of the (ollowing minerals: apatite,
clinopyroxene, cordietite, orthopyroxene, graphite,
homblende, magnetite, pyrite. sphene, and zizcon.
This metamorphic mineral assemblage indicates
widespread amphibolite- and possibly iocally
granulite- (3des regional metamorphism (Tumer.
1981, p. 366-407. Hollister, 1975; Selverstone
and Hollister, 1980). Secondary minerals, the
results of  widespread incipient  retrograde
metamorphism, Include small amounts of actinolite.
albite(?), chlorite, epldote, and sericite.

in many places, the paragneiss grades
Imperceptibly downward and laterally into gneissic
grancdlorite (TKfg). Elsewhere, it is in sharp
contact with plutonic rocks or passes gradually into
them through a zone of migmatite. The contact
between the paragneiss and the amplubolite unit
(MePra) genarally Is a zone as wide as 10 m of a
ransional rock ftype containing approximately
equal amounts of biotite and homblende.

The minerals and textures of the schist and
greiss and the (ntercalated layers of marble indicate
that the metasedimentary protoliths of the
paragneiss sequence were deposited in a marine
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environment and consisted of argilfaceous clastc
sediments and minor amounts of limestone,
chert{?), and felsic 1o intermediate or maRc volcanic
or volcaniclastic rocks. The ages of thase protoliths
have not been conclusively determined by isotoplc
methods. We infer the Paleozolc or Mesozoic age
assignment for this unit’ from {a) studles of
correlative rocks nearby in British Columbia, where
geologic relations and isotopic age determinations
suggest pre-Permian. older Paleozoic, and
Precambrian ages (Hutchison, 1982, p. 23-24),
and (b) our assumption that some of the pelitic
paragneiss may correlaie with the amphibalite
facies upper Paleozolc or Meso2olc
metasedimentary rocks (MFrms) on  esstem
Revillagigedo Island. K-Ar dadng studies of saveral
vanants of the paragneiss on Pordangd peninsula
give apparent ages of 42 9—46.8 Ma for biotite and
47.0-57.0 Ma for homblende (wble ), Nos, 76~
80). At least one of lhe metamorphic events that
affected the unit probably occurred during (his
interval. but these ages probably reflect the
regional disturbance to K-Ar systems in rocks older
than 40 Ma in 1he study area (this report.
discussion under Rewllagigedo Island  and
Cleveland Peninsula:  “Metamnorphosed  sedi-
mentary, volcanic, and Intrusive rocks (Masozoic or
Paleozoic)™; Smith and Diggles, 1981, p. 3)

Northeastern area

Texas Creek Granodiorite (Trlasslc)—The Texas

Creek Granodiorite that crops out at the northeast
comer of the Ketchikun quadrangle (5 the
southwestemmost part of a batholith that crops out
mainly in Alaska north of the quadrangle and in
neighboring pants of Bridsh Columbia {Buddington,
1929, p. 22-29; Grove, 1971, p. 60~62: Smith,
1977, p. 16-24. and Berg and others, 1977. p.
17-18). The pluton consiss mainly of
recrysiallized, locally  cataclastically  deformed
granodiorite and minor quarz diorite. Hand
spectmens are typically greasy green with cloudy
feldspars and indistinct grain  boundaries.
Representative thin sections show a medium-
grained hypidiomorphic granular aggregate of ()
essenttal andesine or oligoclase, quartz, and
potassium feldspar, {b) sccessory sphene, green
homblende, and green biotte, and {(c) secondary
albite, muscovite, clinozoisite-epldote, actinollte,
chlorite, caldte, and opaque wmingrals. In many
specimens, euhedral crystals of potassium feldspar
and homblende as long as 2 cm Impart a distinct
ang charactenistic porphyritic textura.

In general, the Texas Creek Granodlorite Is
relatively massive and lacks pronounced primary or
metamorphic foliation, [nstead, parts of it are
characterized by cataclastc textures. The intensity
of the cataclasis generally is low, but locally the
granodiorite is converted 1o mytonlte, [n addition to
widespread incipient cataclasis, the pluton was
affected by low-grade regional metamorphism and
by thermal metamorphism to homblende-homfels
facies The regional metamorphlsm partly
obliterated original textures and produced muneral
assemblages typical of the greenschist factes. The
regional metamorphism and the cataclasis predate
the intrusion of the Eocene plutons, which
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produced thermal aureoles as wide as 2 km along
their cantacts with the batholith.

The Texas Creek Grenodiotite intrudes
recrystallized upper Paleozoic or Mesozoic bedded
rocks (MzPrve) and In turn is cut by Eocene
granodiorite and quariz monzonite (Tgq).

The Texas Creek Granodiorte Is here assigned a
Trisssic emplacement age on the basis of apparent
K-Ar homnblende ages of 203 and 211 Ma, which
are considered Bkely to be minimum ages of
emplacement (Srith and Diggles, 1981, p. 2)

Recrystallized volcanic and sedimentary rocks

{Mesazolec or Paleozoic)—The northeasternmost
comer of the Ketchikan quadrangle is undedain by
a sequence of recrystallized andesitic volcanic and
volcaniclastic rocks, flysch. and minor limestone
(Smith, 1977, p. 9-14: Berg and others. 1977, p.
15-17). The sequence extends eastward into
Brtsh Columbia (Grove, 197), p. 38-48) and
crops out discontinuously northwestward along the
Alaska-Canada boundary (R Elliott and R.D.
Koch, unpub. dats, 1979). The dominant rocks in
the sequence are interbedded andesitic mif breccia,
voleanic graywacke, end silstone and argillite; less
common rocks  indude  coarse  voleanic
conglomerate, possibly broken-pillow breccia, and
dark-blua-gray marbile.

The tufl breccia s massive and commonly in
beds 0.54.0 m thick Representative samples
contain 5-50 percent poorly sorted angulsr to
subrounded, slightly vesicular lapilli, set in an
unsorted and unstratified volcanic graywacke
matrix. Phenocrysts of euhedral, zoned plagioclase
1-10 mm long consttuta 5-20 percent of the
lapilt. They have largely recrystaflized to albile or
oligociase and clinozoisite-epidote. but those that
survive recrystallization  retain  their  orginal
andesine composiion. Phenocrysts of mafic
minerals are much less common than those of
plagroclase, and most lapilll contain no malic
phenocrysts, The mafic minersls are strongly
pleachroic, euhedral, green or brown hombiende
and subordinate colorless subcalcic augite. Most
mafic phenocrysts have recrystallized to masses of
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actnolite, chlorite. and opaque minerals. The
groundmass of the Ispilll is mostly a recrystallized
aphanibc aggregale of slbite, quartz, chlorite,
epldote, and opaque minerals: shapes suggestive of
microltes are still visible in some specimens. The
graywacke matrix of the tuff breccla consists of
sand-sized, angular mineral [ragments identical to
the phenocarysts in the lapill and a pasty
(palagonite?) filling,

The sequence 15 characterzed by low
greenschist-facies mineral assemblages, but is
generally not schistose or otherwise penetratively
deformed, Locally It also is contact
metamorphosed by the mtrusion of the Texas
Creek OGranodiorite {®tl and Eocene (Tgq)
plutons. In some places. the strate are tightly to
isoclinally (olded with steep axial planes: in other
places they are deformed into nearly recurmbent
folds with genily to moderately northeastward
dipping axial planes. Berg and others {1977, p. 29}
postulate a zone of largescale overthrusting,
parallel to the semirecumbent structures, that is
intruded by the Eocene plutons {map sheet, section
A-A').

Neither the siratigraphl¢ base nor the top of the
sequence is exposed in the sludy area; is
minimum structural thickness, on the basis of cliff
exposures, is about 750 m; immediately north of
the Katchikan quadrangle, the sequence (orms the
erosional remnants of an arched roof over the
Texas Creek Grenodiorite {Smith, 1977, p. 10).

Wa found no fossils in this sequence in the
Ketchikan quadrangle. Its assigneq stratigraphic age
of late Paleczoic or Mesozoic is based parly on
Parmian fossils collected from Jimestone in a
probably correlative sequence in Alagke at Mount
Whipple on the Alaska-Canada boundary about
120 km northwest of the Ketchiksn quadrangle
(R.L. Elliotr, unpub. data, 1979), and partly on
geologic @vidence near Hyder thet indicates
gradations!, probably cogenetie relations between
the Texas Creek Granodionite and some of the
vokanic rocks (n this sequence (H,C. Berg and
R L. Ellioit, unpub, field data, 1973)
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